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PREFACE. 


In this volume my aim has been to present in a 
condensed form such an account of the several pro- 
cesses which are generally used for the Extraction of 
Gold from the Ore as shall be sufficient for the full 
information of investors, and others interested in gold 
mining operations, who may wish to gain an intelli- 
gent insight into the modus opcramii at the gold mines. 
At the same time I have given full descriptions, with 
illustrations, of the machinery employed in those 
processes, in sufficient detail to make the book of 
substantial value to professional men and manufac- 
turers concerned in the gold-mining industry. 

The treatment of gold-bearing ores, although at 
one time so uncertain in its results as to be, not only 
a hazardous, but almost a purely speculative business, 
has now, through continued improvements in appli- 
ances and the adoption of more economical methods, 
developed into a settled industry, in which more or 
less profitable results may be obtained even from 
comparatively low grade ores. 

When, forty years ago, the news was circulated 
throughout the world from California, that gold had 
been found in that territory by Mr. Marshall, in a mill- 
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race near Sutter Creek, thousands of enterprising ad- 
venturers flocked to the new Eldorado. So abundant 
were the glittering scales of metal which appeared in 
the gravel washes and in the rivers and tributary 
streams of the western slopes of the Sierra Nevada 
mountain ranges, that little or no metallurgical know- 
ledge was required for the successful extraction of the 
precious gold dust. No machinery was then needed 
beyond a pair of stout arms, a pick, a shovel a»d pan — 
with perhaps a rocker and a few boards nailed together 
in a trough-like sluice ; and it was with rude appliances 
such as these that many millions’ worth of gold was 
taken from the Placer mines, thus laying the founda- 
tions for the Pacific empire. 

The gold discoveries in Australia — which came a 
few years later — nearly outrivalled the rich Californian 
deposits, and gave a new lease of life to the Austra- 
lian colonies; and to-day Great Britain looks with 
pride at those magnificent domains at the Antipodes, 
teeming with a large population and many flourishing 
cities, all of them owing their prosperity, in no small 
measure, to the discovery of gold and other metals. 

From present indications the South African gold- 
fields have also a brilliant future in store, but the dis- 
coveries in that region are too recent to afford 
means for the full appreciation of the possible results. 

When gold was first discovered in California, the 
knowledge of metallurgy and mining in their several 
branches, among the people of the United States, was 
very rudimentary. But with that discovery a new era 
began over the vast expanse of territory extend- 
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ing from the Atlantic to the Pacific. The citizens 
of the great Republic awoke to the fact that in 
their mountain ranges were minerals of all kinds, 
representing enormous wealth, which could not be 
secured without extended knowledge of the requisite 
appliances. These were rapidly introduced in all 
branches of metallurgy, and in the advances thus 
made the treatment of gold-bearing ores has kept 
pace with the improvements effected in other branches 
of the science. 

Brilliant results have been achieved in the last 
twenty years, and I shall rejoice if the present work 
assists in extending knowledge of the subject, and 
in further stimulating progress in invention and the 
development of gold mining. 

London, 

August, 1888. 


PREFACE TO THE SECOND EDITION. 

In preparing a new edition — which I am glad to 
find so soon required — I have been at some pains to 
supply additional matter on those subjects a fuller 
treatment of which has seemed desirable in the light 
of my experience with the first edition. The result is 
the enlargement of the work by about one hundred 
and fifty pages and forty additional illustrations. 

My best thanks are due to the public press and 
private correspondents for valuable suggestions for a 
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new edition ; and of these I have availed myself 
wherever practicable. 

There has been no interference in the present 
edition with the main plan of the original work, 
although five new chapters have been added. In 
these (amongst other matter) will be found much 
additional information as to machinery employed 
in crushing and amalgamation, and as to mills in 
actual operation. Later developments of the process 
of Chlorination are also described, and a chapter has 
been added on the Smelting of gold ores and the 
refining and parting of gold bullion. I have also 
given some account of the physical features of the 
gold-producing districts of North-Western America, 
which I hope will be none the less interesting because 
of the element of personal experience ‘which is there 
introduced. In the first chapter of the work I have 
inserted an account of the interesting operations of 
Hydraulic Mining, with which the history of many 
gold-producing districts is so largely concerned. 

In its enlarged form I trust the work may prove 
increasingly acceptable and useful to those for whom 
it is designed. 

17, Belsize Crescent, 

South Hampstead, London, N.W. 

April, 1889 . 
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THE 

METALLURGY OF GOLD. 

CHAPTER I. 

INTRODUCTORY. 

Section I. — Gold Mining in California. — Quartz-mining Operations 
— Free Milling — Failure to “ Catch the Gold” — Quartz Mines at Grass 
Valley— Progress in Milling Appliances — Loss in Working Gold Ores 
— Yield in California, in Australia, in Colorado — Professor Egleston 
on Loss in Extraction — Total Produce of Gold in California since 1848. 

Section II. — Gold as a Metal. — Its Valuable Properties — Gold in the 
Pure State — Distribution — Composition — Properties of Pure Gold — 
Gold-bearing Ores. 

Section III. — Gold Washing by the Hydraulic Process. — Applied 
to Deposits of Gravel — How the Gold lies in such Deposits — Laying 
out an Hydraulic Mine — Working the Mine — Results. 

I. — Gold Mining in California. 

After the exhaustion of the easily worked “ placer diggings ” 
of California, the miner turned his attention to quartz. He 
soon found that the appliances then in existence in other parts 
of the world for the treatment of gold-bearing rock did not 
correspond to the local conditions of the country. Improve- 
ment after improvement of those appliances wa» introduced, 
and in a few years the now perfect Californian gold mill was the 
result of the ingenuity of the western millmen. Prior to 1861 
^quartz-mining operations were merely in an experimental stage, 
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but about that time the quartz lodes, which were the original 
sources from which the enormous placer deposits derived their 
wealth, began to be seriously mined and systematically attacked, 
with results that have kept California in the foremost place 
of the gold-producing regions of the world, and she will, no 
doubt, through her numerous quartz lodes, continue to occupy 
the position of a gold producer for many generations to come* 

As a rule, quartz mining in California was at first carried on 
upon the basis of “ free milling ” — namely, taking the ore out 
of the mine, crushing and pulverising the same in the battery, 
and extracting the gold by amalgamation on copper plates. 
Only a very small percentage of the gold in the ore was saved 
in this manner, the quantity of gold which can be secured by 
the agency of quicksilver being only a fraction of the assay 
value of the whole mass, while by far the largest portion of the 
gold went to waste, carried away by the water which flowed from 
the battery and got lost in the tailings. Many failures in gold 
mining were the result of the inability of the millmanto “ catch 
the gold.” w * 

But it was not long before these lessons of experience 
brought about the introduction of new methods, and quartz 
mining is now assuming the character of a scientific industry ; so 
that ores which twenty-five years ago would have been thrown 
into the waste heap as u base ” and “ rebellious,” are now care- 
fully piled up, taken to the mill, and treated with great profit. . 

In the year 1866, like thousands of other mining adven- 
turers, I was engaged in “ placer ” mining operations in Idaho 
Territory, a country whose name at that time was little known 
even in the United States. In company with some friends I 
discovered a lode, which we worked at first very successfully ; 
but as we got to a greater depth our difficulties began, owing 
to the increase of iron pyrites in the ores, and the decrease of 
the “free gold.” I then undertook a journey to Grass Valley, 
California (which in those days meant a journey in a stage 
coach of nearly one thousand miles, the great trans-continen- 
tal railway not being then completed), where the first quartz 
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mines were being opened up and worked on “ scientific ” prin- 
ciples. Messrs. Watts were then the owners of the celebrated 
Eureka Mine, and some Cornish miners, Coleman by name, 
were prospecting the extension called the Idaho. The Colemans 
are now millionaires, and the Idaho one of the best mines in 
California. I was kindly permitted to investigate the works, 
and it was with no little interest that I studied the first pro- 
cesses of Californian gold extraction. These processes, in the 
course of eighteen years* residence in many mining districts, I 
have seen in development from their infancy. A Mr. Deetkin 
had erected the first reverberatory roasting furnaces and chlori- 
nation works for working sulphurets, and a portion of the sixth 
chapter of this work is devoted to an account of his opera- 
tions as described by the late Professor Guido Kiistel. At the 
Eureka mill I found the concave buddle in operation for con- 
centrating the rich slimes; the Eureka rubber, erected by Mr. 
Mellville Attwood, a renowned English mining engineer ; the 
Attwood amalgamator (also named after him), and other im- 
provements. These appliances were subsequently described by 
Mr. R. W. Raymond in his mining reports to the United States 
Government, and his descriptions of the apparatus will be 
found reproduced in this book. They were the first in use, 
and are still in operation. 

The invention of other concentrating machines and grinding 
pans have, since that time, enabled quartz miners to improve 
the yield of ere; and among others the Frue vanner, Duncan’s 
concentrator, and Hendy’s concentrator, deserve to be men- 
tioned. The construction of the mortars has also been 
perfected. 

We have been taught that the first condition involved in the 
successful extraction of gold from the matrix is to gather and 
save the sulphurets and other metallic combinations in which 
it is held, and fronA which the various amalgamating processes 
have thus far been powerless to extract the gold. As only 
a certain percentage of the gold in quartz mines is present 

the free state, the present millman, to make gold quartz, 
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mining a success, must depart from the old beaten path of 
“free milling” and amalgamation. We must look to new pro- 
cesses and new methods to make mines payi The lodes con- 
sisting of pure quartz and free gold are getting scarcer and 
scarcer every day ; and although they are occasionally found in 
new districts, yet after a certain depth is reached this free mill- 
ing character changes. This involves a systematic procedure 
by which “ low-grade ” ores can be cheaply and quickly trans- 
muted into high-grade ores, and when such transmutation has 
been accomplished they are ready for scientific metallurgical 
treatment, by which, through the aid of chemistry, they may be 
converted into ingots of pure metal, the base metals with which 
it is combined being at the same time brought into use and 
made to yield their proportion of profit to the intelligent 
miner. 

The new processes and new methods by which these im- 
portant results are to be brought about mean, first, simple and 
cheap methods of concentration — appliances by which, when 
low-grade ore has been mined, it may be quickly and cheaply 
denuded of the large part of its useless or waste materials 
(its gangue ), the free gold it contains caught by quicksilver 
and amalgamated, and its other valuable mineral ore particles 
concentrated and treated by chlorination or otherwise. 

It is a well-known fact that in most gold-producing coun- 
tries where the operations for the extraction of gold from quartz 
I veins have been carried on, the “ brown ” ores, as they are 
5 called, or the true “ free milling ” ores, are generally comprised 
in that portion of a gold-bearing lode or vein which lies above 
; the perpetual water-line proper. They are that portion of a 
^ mineral vein from which the rebellious elements have been 
oxidized, leached out, or eliminated by influences which have 
been acting through a long course of years, leaving the gold 
; free and clean, and readily susceptible of amalgamation by and 
with quicksilver in any of the various methods which have been 
adopted for its use for that purpose. Below the perpetual 
water-line these gold-bearing veins generally assume the fojm 
of gold carried in sulphurets or other combination, to which 
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the application of the amalgamating process has always proved 
unremunerative. 

The loss in working gold ores, even with our most modern 
appliances, is still enormous, and even at the present day not ' 
more than one-half of the gold contained in the ore which is 
worked, whether by free milling or otherwise, is saved. 

One of the oldest and best authorities in California (Mr. 
A. B. Paul) has said upon this subject: “ As far as California 
is concerned, I am satisfied that no more than 40 per cent, 
of her gold is exhausted. The fact is, we are not working 
to save gold but to crush rock.” Again he says : “ Our pre- 
sent general system of gold mining is based upon the idea 
that gold is mainly coarse, while examination will show that 
the high percentage is in atoms finer than flour itself. In my 
experiments gold has been taken up so fine that in distilled 
water it would not precipitate in less than from five to ten 
minutes. Can you save gold of this kind by running water 
down stream? ‘Again,. can you obtain gold of this kind with- 
out minute reduction ? Therein lies the secret of high assays 
before working and small returns after.” Or, as a mining 
authority once remarked, “ The gold is so fine in the rock that 
it takes a bushel of it to make an ounce.” 

Mr. Deetkin, of Grass Valley, in order to determine the 
loss of gold by the mill process, has tabulated a series of assays 
made of the tailings of ore of the best mills in the State, which 
shows the loss to have been 40 per cent, of the yield, of which 
the float loss was nearly 14 per cent. 

In Australia, during eighteen months’ milling of 85,521 tons, 
and daily assay of the tailings, the yield being only $6 52c., 
or £1 7s. per ton, the average loss was found t<£ be $1 56c., 
or 6s. 6d. per ton, or 24 per cent, rated upon the amount saved. 
Add to this the amount of float gold carried away jn the water, 
and the total loss would not fall short of 40 per cent. 

The actual average yield of ores milled and smelted, cal- 
culated from Fossett’s table of seven years’ work in Colorado, 
showed the average value of the ore by assay to be $37 97c., 
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or £l 18s. per ton. The average value per ton saved by 
milling and smelting was $14 50c., or about ^3 ; showing a 
loss of $23 47c., or about £4. 17s. per ton in gold and silver, 
or more than 60 per cent. The gold caught on the copper 
plates is, under the most favourable circumstances, only 50 per 
cent, of the assay value of the ore. The gold from the blankets 
and in the buddle concentrator does not amount to* more than 
5 per cent., so that when treating the most tractable of these 
sulphurets, battery amalgamation does not secure more than 
55 per cent, of gold. 

At the Merrifield mine in Deer Creek, Nevada County, a 
large proportion of the ore is heavily impregnated with sul- 
phurets, and notwithstanding the fact that the rock by fire 
assay showed its value to be hundreds of dollars per ton, yet 
after working the quartz by the old process and in the most 
approved manner, including the use of Frue’s concentrator, it 
was found that the average pay of the ore was about ^5 per 
ton, including sulphurets. They are now satisfied that nearly 
two-thirds of the gold in the rock was lost by being carried off 
in fine particles with the sediment and water. 

Professor Egleston says : “ In all the methods for the 
extraction of the precious metals there are considerable losses. 
With the perfection of processes the main object is to reduce 
them, or else to cheapen the labour of extracting the ores. 
These losses are greater than is usually supposed, because as 
a general rule systematic assays of the tailings are not made.” 

It was also found that water from the mills three-fourths of 
a mile below them contained in suspension, on an average of 
twelve assays, nearly one pennyweight of gold per gallon. There 
were in this locality 516,000 gallons of this water flowing 
away in twenty-four hours, or a loss of about ^70 per day. 
It was estimated that the annual loss of two mills working 
250 days imthe year was ^17,000. From these and similar 
data the conclusion is drawn that the loss is between 40 and 50 
per cent, of the total yield of the ore. 

The State of California, since the discovery of gold on Sutter 
Creek in 1848, has produced in gold over ^250,000,000; and 
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it is estimated that more gold has been wasted in milling and 
hydraulic mining, and lost to mankind, by being washed down 
the rivers and partly carried to the ocean, than has been thus 
produced. 

A happier state of affairs exists in the silver regions. In 
Nevada I have worked ores which yielded in silver from 88 to 
over 90 per cent, of their assay value, and it is to be hoped 
that in another generation inventions will have been perfected 
by which a higher percentage of gold may be saved. 

From what has been said above it will be seen that the 
problem of gold milling is not the easy matter which some may 
imagine, but that there is a wide field open for investigation. 
Much has no doubt been accomplished, but there is plenty of 
room for improvement yet in the methods and appliances for 
securing the much-coveted metal. 

,11. — Gold as a Metal. 

• 

From the earliest times gold has been esteemed the most 
valuable of all the metals. It is not only distinguished for its 
rareness, but it possesses many very valuable properties not 
common to the other metals. It is especially valued for its 
richness of colour, and the fact that its brightness is not liable 
to tarnish. 

The specific gravity of gold varies between 19*258 and 
20*72, and its fusing point has been determined at from 2,200° 
to 2,596° Fahr. 

Gold in the pure state is very soft, like lead, and may be 
easily . scratched by the nail. It is more malleable and ductile 
than any other metal, and is capable of being beaten out into 
leaves airs Wrr inch in thickness, while one grain of it can be 
drawn out into a wire 167 yards long. Its tenacity, however, 
is inferior to that of iron, copper, platinum, and silver. Its 
specific gravity is inferior only to that of platinum and a few 
of the rarer metals, such as iridium and osmium. In its natural 
state gold is almost always found alloyed with other metals ; 
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the few compounds found being sylvanite, or telluride of gold 
and silver ; and nagyagite> or telluride of lead with gold, silver, 
and copper. 

Gold is known to exist in very small quantities in galena, 
in which, according to Percy, it occurs probably in the form 
of sulphide. 

The distribution of gold is very general throughout the world, 
but at the present time the largest quantities are obtained in 
Australia, the United States, the Ural Mountains, and in parts 
of Africa. 

It is almost always found in a metallic state; generally 
in small grains or scales known as gold dust ; sometimes in par- 
ticles so minute as to be invisible ; and occasionally in pieces 
of considerable weight, called ?iuggets . 

It is doubtful whether when gold occurs in pyrites it exists 
in every case in minute metallic particles, or whether in some 
cases it may not be present in combination with sulphur. The 
auriferous pyrites, as Dumas remarks, contain gold scattered 
throughout their mass in such small quantities that it is almost 
^impossible, even with the aid of the microscope, to ascertain in 
what state the precious metal exists. As roasting the auriferous 
; ore is considered useful with a view to its subsequent amal- 
gamation, a doubt may be entertained whether gold is really 
present in the metallic state, notwithstanding that this has been 
generally supposed to be the case. Dumas, however, thinks 
' that the powerful electro-negative tendency of sulphide of gold 
affords a strong presumption in favour of the hypothesis that 
this metal may exist in iron and copper pyrites partly, or even 
entirely, in the form of double sulphide. Brongniart observes, 
that it is chiefly when in combination with these sulphides — as 
also with galena or sulphide of lead, blende or sulphide of zinc, 
and mispickel or arsenical pyrites (a sulphide of arsenic and 
iron) — that the gold becomes invisible to the eye, a circum- 
stance which is regarded as strongly confirming the opinion 
expressed by Dumas.* 

* My own opinion is that gold in pyrites is not in a state of chemical com- 
binatiott, but is present in the metallic state, coated by sulphur, arsenic, &c. 
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The other minerals with which gold is found associated are? 
grey cobalt, lithoidal manganese, native tellurium, malachite, 
sulphide of silver, red silver, and sulphide of antimony. 

Gold is occasionally, though rarely, found in a crystallised 
state, in which form it is of great value.* The most common 
forms are those of the cube and octahedron, or some modifica- 
tion of these forms. The faces are generally dull, and in most 
instances the edges are slightly rounded. 

It is sometimes crystallised by cooling, but when such is 
the case it is, I believe, more by accident than design, as it is 
impossible to regulate the rate of cooling. I have myself 
frequently cast ingots of gold which, when chipping off the 
corners for assay purposes, I found to be in a crystallised state. 

I made it a rule to remelt such ingots, and found that on adding 
a little nitre a tough metal was obtained. From this I concluded 
that the crystallisation was the result of some impurity in the 
gold ; though I never sufficiently investigated the subject to be 
sure on the point. 

Composition of Gold. — Native gold is never quite pure, 
being almost invariably alloyed with silver, and containing 
frequently small proportions of copper and iron. In Siberia it 
is often associated with platinum, and in the Gongo Saco Mines, 
in Brazil, an alloy of gold and palladium of a pale yellow 
colour is sometimes found. In Columbia a mixture somewhat 
similar is obtained, the palladium being replaced by another 
rare metal called rhodium. 

The proportion of silver, which is the principal metal found 
in alloy with gold, varies from 1 to 50 per cent. ; and it not 
only differs greatly in specimens of gold obtained from different 
localities, but differs even in specimens from the same district. 

Properties of Pure Gold. — Gold does not combine di- 
rectly with oxygen, and therefore suffers no change on exposure 
to air and moisture at whatever temperature ; not even if it be 

* It becomes valuable, that is, for use as specimens— not intrinsically— 
gold crystals being highly prized by collectors of minerals. 
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cept in a state of fusion in open vessels. Neither is it attacked 
by mineral or simple acids, except selenic, and then only by 
the aid of heat. 

The alkalies have ordinarily no action on gold. If, however, 
the gold and the alkalies together become heated during expo- 
sure to the atmosphere, an absorption of oxygen takes place, 
resulting in the formation of an alkaline aurate. Nitre*' when 
in a state of fusion attacks it. The persulphides, whether in 
the wet or the dry state, also attack it, resulting in the forma- 
tion of sulphide of gold. Iodine has a weak action upon it, 
while bromine and chlorine at ordinary temperatures easily 
attack it. It is dissolved by any substance which liberates 
chlorine; it is dissolved therefore by hydrochloric acid, if 
binoxide of manganese or chromic acid be added to it. 

The conductivity of pure gold for heat and electricity is 
little more than half that of silver. If the conductive force 
of silver be taken as ioo, we have for gold — 

• 

Conductivity for heat 53*2 

Conductivity for electricity at 27 0 F. . . 55* 19 

When in a state of fusion gold exhibits a bluish green colour. 
It is not sensibly volatile in the strongest heat of a blast fur- 
nace ; but under the focus of a large convex lens, in the intense 
heat of the oxyhydrogen jet, or under the influence of a power- 
ful electric discharge, a gold wire is dispersed in vapour ; and 
if, in this latter case, the wire be placed just above the surface of 
a sheet of paper, the course of the discharge is marked by a 
broad, dark, purple stain, produced by the finely divided gold. 
If instead of the sheet of white paper a plate of polished 
silver be employed, it is traversed by a brightly-gilded line, 
which is firmly attached to its surface. When a globule of gold 
is placed between the terminal charcoal points of a powerful 
voltaic battery, it becomes almost immediately fused, and gives 
off abundant metallic fumes. 

The contraction of gold on cooling is very great ; it cannot 
therefore be advantageously employed for castings. 
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Gold-bearing Ores. — These consist chiefly of quartz, and in 
some cases they contain slate, baryta, and talc. I remember 
one occasion when gold was found in limestone. The pre- 
cious metal is usually scattered through the rock in small 
particles, sometimes so minute as to be scarcely visible to the 
naked eye. Sulphides of iron, lead, copper, and zinc, as well 
as arseniurets, are frequently found with the gold. In pyrites 
the gold appears to exist in a metallic state, as it can be 
separated in some measure by grinding in the amalgamating 
pan. 

The amalgamation of gold has been brought to a certain 
state of perfection by Californian millmen ; and their methods of 
treating the gold-bearing ores have been very generally adopted 
in Australia and other countries. These methods are known 
as the “ Californian stamping process,” and this work is mainly 
concerned with an account of the several operations comprised 
in it, and of the machinery and appliances required in working 
it ; but a description may be appropriately given here of the 
“ hydraulicking ” operations which form so interesting a feature 
in the history of gold mining. 

III. — Gold Washing by the Hydraulic Process. 

By this process, or “hydraulicking,” is understood the re- 
moval of large masses of gravelly soil from its original locus to 
another place of deposit by the impact of water under a very 
high pressure. 

In California and Australia there are large deposits of this 
gravelly soil containing gold, and extending throughout whole 
mountain ridges, but not in sufficient quantity to pay, unless 
the washing be carried out on a gigantic scale. As a rule, 
these alluvial gravels, such as constitute the hydraulic mines, 
are not rich throughout the upper strata, and the gold is usually 
found concentrated in layers near the strata reposing on the 
country rock, designated in mining parlance “ bed-rock.” In 
some instances the bottom stratum of gravel is so rich in gold 
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and the upper layer (which in cases reach a height of 200 to 
300 feet) so poor, that it would prove unprofitable to remove 
the whole mountain mass, and this led to the working of 
the rich gravel beds by means of shafts and tunnels, whereby 
only the bed-rock stratum is excavated and washed, and 
the remainder left standing. Such mining is called “ drift- 
mining.” * 

In hydraulic mining, the whole depth of the deposit down 
to the bed-rock is washed away by means of powerful jets of 
water. The water disintegrates the soil, which in some cases 
is very hard, and during its onward journey through bed-rock 
tunnels and sluices submits the soil to a thorough system of 
comminution and trituration, which liberates the free scales 
and small lumps of gold. These sink by their superior specific 
gravity in the sluice boxes, and are collected therefrom after a 
run of thirty or forty days of such continuous washing. 

Such a process requires a large volume of water, which has 
to be brought in canals or ditches, or aqueducts, from the 
fountain heads located in the mountains at a suitable elevation. 
The construction of these water conduits involves very large 
outlays of money and labour, as some of them extend from forty 
to one hundred miles in length. 

The next point to be considered in hydraulicking is the re- 
moval of the large quantity of detritus resulting from the washing 
away of the huge masses of gravel in which the gold has to 
be sought — from the removal, one might say, of whole moun- 
tain ranges. But when once the proper application of the 
great mechanical force furnished by a large volume of water 
under high pressure was grasped, it was seen that the problem 
could only be satisfactorily solved if the auriferous gravel 
could be carried to some distant point and there discharged 
into a rapidly flowing stream. For accomplishing this object 
a hydraulic mine has to be provided with a tunnel or “ open 
cut” from the nearest and most suitable ravine or river bank, 
so that, starting in the bed-rock, on the face of the ravine, or 
other selected point, it shall approach the centre of the gravel 
mass to be moved at a gradient of one in twenty-four to one 
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in thirty-six. The dimensions of the tunnel are usually six 
feet in width and seven feet in height, sometimes wider. 

The tunnels vary in length from a few hundred feet to a 
mile. The end of the tunnel is designed to reach beneath the 
under surface of the gravel in the centre or deepest part of the 
channel, at a point where a shaft or incline is sunk from the 
surface through the gravel until it intersects the tunnel. It 
obviously demands careful engineering, to carry out works of 
such magnitude with the accuracy required, and, for the want 
of sufficient care or skill in this particular, years of costly labour 
and anxious expectation have been wasted in the early history 
of these enterprises. 

It is therefore necessary in laying out an hydraulic mine 
operation to take precautions, by an accurate survey, (1) to 
ascertain the head or fall of water and its quantity; (2) to secure 
an outlet for the washed debris or tailings ; and (3) to strike 
the lowest point of the channel with the bed-rock flume or 
tunnel. Outlet, dump, and fall have to be secured for the 
many millions of cubic yards of gravel displaced, and many 
valuable mines have had to suspend operations from their in- 
ability to get rid of the accumulated ddbris, which had “ banked 
up ” at the outlet of the flume (or water course) and stopped 
further washings. 

When the tunnel has been completed and connection 
made with an opening in the gravel deposit, the tunnel becomes 
a sluice way, through the whole length of which sluice boxes 
are laid, to direct the stream and save the gold. For this 
purpose a trough of strong planks is placed in the tunnel, from 
three to four feet wide, with sides high enough to control the 
stream. The pavement is usually composed of blocks of wood 
from six to eight inches in thickness, cut across the grain of 
the wood, and so placed as to expose the end of the blocks to 
the wear of the current. The wooden blocks are usually 
alternated with sections of stone pavement, the stones set end- 
ways. In the interstices quicksilver is distributed, as much as 
two tons of this metal being required to charge a long sluice. 
The location and inclination of the sluices have an important 
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Fig. i. — Hydraulic Mining on the Georgetown Divide, El Dorado County, California. 
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bearing on the results which are obtained in gravel washing 
and the proportion of gold saved, and proper attention has to 
be paid to the grade of the sluice boxes. 

I will now revert to the removal of the gravelly soil by the 
force of the jets of water brought to bear upon it. The water is 
conveyed to the mining claim from the ditch or canal by means 
of iron pipes, the point of the supply being from 200 to 500 
feet above the point of discharge. These iron pipes have to 
be carefully laid, and are often sustained on an incline of 
timbers. The water can of course be carried in pipes over 
depressions in the ground, and over intervening elevations, 
and so across valleys and mountains. The iron pipes are of 
great strength ; they are made riveted at the joints, and 
measure from 12 to 20 inches in diameter. A pipe of % inch 
wrought iron can sustain a pressure of 385 pounds per square 
inch. 

The pipes are connected with a powerful apparatus of sheet 
iron provided with a universal joint, to which the outlet or 
“ nozzle ” is attached, ending in a steel ring for the delivery of 
the water, which varies from 4 to 8 inches in diameter, as 
greater or less volume of water is used. From these nozzles 
the streams are directed against the face of the gravel “ bank ” 
to be washed with a force comparable to that of ordnance. 
The volume of water employed varies, of course, with the work 
to be done, but it is not uncommon to see four such streams, 
each conveying 300 to 600 inches of water, or more, acting 
simultaneously on the face of the same “ bank.” The accom- 
panying illustration (Fig. 1) depicts this stage of the operations. 
One thousand “miner’s inches” of water are equal to 106,600 
cubic feet of water per hour, constantly discharged under a 
pressure of 100 to 200 pounds to the square inchy, varying with 
the height of the column, or pressure. Under the continuous 
action of this enormous mechanical force, aided by the soften- 
ing influence of the water, large sections of the gravelly mass 
come crashing down with great violence. 

The debris, speedily dissolving and disappearing under the 
resistless force of the torrent of water, is hurried forward in the 
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sluices, precipitated with the whole volume of now turbid water 
down shafts, or dumps, prepared for the purpose, and then 
taken up again by the sluices, where it is brought by means of 
undercurrents, riffles, and other appliances in contact with the 
quicksilver, and thus made to give up its gold. Boulders of 
ioo to 200 pounds in weight are shot forward by the impetuous 
stream, together with masses of the harder cement, which meet, 
in the fall and concussion of the great boulders, the crushing 
agencies required to disintegrate them. 

The deeper banks of gravel are usually worked in two 
benches. The upper is never so rich as the lower, and, being 
also less firm, is worked away with greater rapidity. The lower 
section is much more compact : the stratum on the “ bed-rock,’' 
being strongly cemented by sulphuret of iron and great pres- 
sure, resists even the full force of the water stream, until it is 
loosened by gunpowder. For this purpose adits are driven in 
on the bed-rock 40 to 70 feet from the face of the bank, and a 
tunnel extended at right angles therefrom to some distance 
each side of the adit. In this tunnel a large quantity of gun- 
powder is placed, from one hundred to one thousand kegs, 
and fired as one blast by fuse or electricity. In this manner 
the compact conglomerate is broken up, and the water then 
rapidly completes the work. This disintegration of the gravel 
banks by means of explosives is called by miners “bank 
blasting.” 

The sluices are often made double, for the convenience of 
“ cleaning up ” one of them while the other is in action. The 
process of cleaning up is performed, according to the extent of 
the works and the richness of the material washed, at intervals 
from fifteen to thirty days, and consists in removing the pave- 
ment and blocks from the bed of the sluice, and gathering the 
amalgam of gold and “rich dirt” collected in them, and replac- 
ing the blocks in the same way as at first. Advantage is also 
taken of the opportunity to reverse the position of the blocks 
and stones forming the pavement, where they are worn irregu- 
larly, and to substitute new ones for those worn through. 

The mechanical action of the washing process on the blocks 
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is, of course, rapid and severe, so as to require a complete 
renewal of them once in eight or twelve weeks. Some miners 
prefer a pavement of egg-shaped stones set like cobble-stone 
pavement, the gold being deposited in the interstices. Most of 
the sluices, however, are paved with rectangular wooden blocks, 
with or without stones as described above. 

Rude as this method of saving the gold appears, experience 
shows that more gold is won by it than by any other method of 
washing yet devised ; while the economical advantages it offers 
are incomparably greater. In fact, it would be impossible to 
handle so vast a body of material in any other way. 

Among the noticeable features of California are the muddy 
rivers, which largely owe their turbid condition to the opera- 
tions above described. These minor streams discharge into 
the Sacramento, which in its turn empties into the Bay of San 
Francisco, building up great bars with its burden of gravel. 
The damage done to farming lands in the lower portions of the 
Sacramento valley was, indeed, so great from the accumulation 
of debris, that legislative measures had to be taken to compel 
the hydraulic miners to impound their u tailings ” and not 
discharge them into the rivers, with the result that many 
/valuable mines had to stop working. 


c 



CHAPTER II. 

TREATMENT OF GOLD-BEARING ORES : CRUSHING 
AND AMALGAMATION. 

Section I. — Mechanical Preparation of Gold Ores. — Rock- 
breaking Machines — Blake’s Patent — Reduction of the Ore by Stamps 
— Arrangement of a Battery described — Feeding the Batteries — 
Tulloch’s Ore Feeder — Operation of the Stamps — The Capacity of a 
Stamp Mill. 

Section II. — Amalgamation of the Free Gold.— The Attwood 
Amalgamator — The Hydrogen Amalgam Process — Grinding Pans — 
The Knox Pan — The Wheeler Pan — The Soderling Pan — Settlers and 
Rubbers — The Eureka Rubber — Treatment of Amalgamated Copper 
Plates— Silver-plated Copper Plates. 

Section III. — The Process of Amalgamation.— Operation of the 
Mill — Capacity and Regulation of a Stamp Mill — Professor Raymond 
on the Operation of Crushing — Aprons, Sluices, and Blankets — Water 
required for Gold Milling— Amalgamation in the Battery — Conditions 
of a Good Result. 

I. — Mechanical Preparation of Gold Ores. 

Before subjecting the ore, or the auriferous gangue, to the 
chemical or metallurgical process by which the gold is ex- 
tracted, it has certain mechanical operations to undergo, the 
number and nature of which will be determined by the cha- 
racter of the ore itself, and its state of aggregation. Nature — 
unfortunately for the operations of the metallurgist — has dis- 
tributed this most precious metal in the rocks in a very fine 
state of division, the rock being impregnated with it in the 
shape of dust, spangles, or small grains, which on the whole 
are difficult, very difficult indeed, to separate ; and it is only in 
extremely rare cases that gold is found in nuggets which require 
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only to be cast into ingots. Occasionally rich specimens are 
found in which the separation of the gold is easily effected. 

A large proportion of our gold has been, and is still, obtained 
by the direct washing of alluvial deposits. This book, however, 
only treats of the extraction of gold from rocks or ores, and I 
begin the present chapter with an account of those operations 
by which the rock is artificially reduced to the state of an 
auriferous sand or pulverised ore. 

The treatment of gold-bearing rocks comprises the following 
operations : — 

r. Crushing it by means of rock-breakers and stamps, and 
amalgamating the free gold inside and outside the battery by 
various contrivances. 

2. Concentrating the free gold lost during crushing, and 
amalgamating it in pans with the auriferous sulphurets ; and 

3. Extracting the gold contained in pyrites by roasting and 
chlorination. . 

The ore — which in California is always called “quartz,” no 
matter what the gangue may be — is first passed through a rock 
breaker, where the large lumps are reduced to pieces about the 
size of a walnut or even smaller, and is discharged upon a 
platform immediately in front of the battery of the stamping 
mill, or into self-feeders, from which the quartz is fed very 
regularly into a large oblong, rectangular, cast-iron mortar, in 
which five immense pestles play up and down, pulverising the 
quartz into very fine particles. As these pestles weigh from 
seven hundred to a thousand pounds apiece, in an establish- 
ment (called a mill) which works from twenty to sixty stamps, 
the noise is deafening, and the mill is not exactly the place for 
nervous persons. * 

After the quartz is pounded fine, we wish to get rid of the 
worthless waste rock, and for this purpose a stream of water 
flows into the mortar which dilutes the fine material, and while 
it is held in suspension by the water, it is splashed by the 
agitation caused by the stamps through an oblong slit on one 
of the longitudinal sides of the mortar, which is closed by a 
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sieve. The fine particles of rock form with the water a very 
thin mud, which is called slime or pulp. 

The question now arises, What becomes of the gold? The 
particles of gold which have been liberated during the pro- 
cess of trituration, either — by reason of their greater specific 
gravity — sink to the bottom of the mortar, where they come 
into contact with mercury and become amalgamated ; or they 
are splashed against the sides of the mortar — which are lined 
inside with amalgamated copper plates — and are there 
“ caught;” or they are splashed out of the mortar through the 
sieve along with the slime. 

On emerging from the mortar the slimes pass over an apron 
of amalgamated copper plates, by which means a considerable 
quantity of metal is removed, as gold will adhere to these plates, 
and is thus prevented from passing down the sluices which 
immediately succeed the apron. The sluices are covered with 
blankets, and are set on an incline, and the gold and heavy 
ore particles collect between the fine hair, of the blankets. 
These are washed every few hours in large wooden tubs, and 
the stuff collected on them — called “ concentrations ” — is 
treated in amalgamators, where the free gold is extracted. 

The slimes, after passing the blankets, and also those from 
the amalgamators, discharge into the Eureka rubber, in which 
any particles of gold which have escaped are cleaned and 
brightened by rubbing, and are to some extent collected by 
means of amalgamated copper plates. The impoverished sands 
and slimes, after passing from the blankets, sluices, rubbers, 
&c., are discharged into concentrators, in order to collect 
small particles of gold enclosed in pyrites and other metallic 
sulphides, which would otherwise be lost. How the concen- 
trations are treated will be subsequently described. In some 
mills the amalgamating apparatus is differently arranged. 

Having given the rationale of the general method of deal- 
ing with gold-bearing ores, I will now enter upon a descrip- 
tion of the various machinery and processes employed. 

Before it can be submitted to the final pulverisation in the 
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stamp mills, it is necessary that the quartz should be broken 
into small fragments somewhat uniform in size, and for this 
operation powerful rock -breaking machines are employed. 
Many satisfactory contrivances have latterly been introduced 
for economical and effective rock-breaking, but Blake’s machine 
(which I will describe in detail) is most extensively used. 

Bock-Breakers. — Blakds Patent . — This machine is shown 
in the illustrations (Figs. 2 and 3) in vertical section and per- 
spective view. In Fig. 3, a a is a heavy frame, cast in one 
piece, with feet to stand upon the floor or on timbers, which 



Fig. 2.—Blake’s Rock Breaker. Perspective View. 
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frame supports all the other parts ; b is the fly-wheel, one on 
each side, the shaft of which is formed into a crank ; c is a 
pulley on the same shaft \ d is a rod connecting the crank, e, 
with the lever, f: this lever has its fulcrum on the frame, g . A 
vertical piece, h (a front view of which is shown at b), stands 
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upon the lever, and against its top the toggles, i i, have their 
bearings, thus forming an elbow or toggle-joint, k is a fixed 
jaw against which the stones are crushed. The jaw is held in its 
place by keys, /, which fit in recesses in the interior of the frame 
on each side ; m is a movable jaw, faced with a corrugated die, 
m f . This jaw is supported by a round bar of iron, n , which 
passes freely through it and forms the pivot upon which it 
vibrates ; o is a spring of india-rubber, which, being compressed 
by the forward movement of the jaw, aids its return, c is the 


C 



E 

Fjc. 3.— Blake’s Hock Breaker. Vertical Section.— Scale & in. to 1 ft. 


lever viewed from above, e is a top view of the die, k , which 
is corrugated on one or on both sides. In the latter case it is 
turned after one side is worn out ; p is a screw by which the 
wedge, r , can be screwed up, in order to bring the jaw, m ) 
nearer to k y and thus effect a finer crushing. 

The crank, e y revolves from one hundred and fifty to two 
hundred times per minute. The distance between the jaws 
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may be raised to five-eighths of an inch by the screw, p . Other 
variations may be made by changing either or both of the 
toggles for longer or shorter ones. 

Capacity of Rock-breakers. — A rock-breaker, of suit- 
able dimensions, making 170 strokes of £ of an inch a minute, 
is capable in twenty-four hours of giving a preliminary crushing 
to 72 tons of quartz, which is the crushing capacity of a heavy 
30-stamp mill. By preparing the rock for the battery, the rock- 
breaker increases the crushing capacity of a mill by 20 per cent. 

Only the coarser quartz is passed through the breaker; 
the finer, which always contains a quantity of wood splinters 
brought from the mine, being crushed in a separate battery by 
itself. The splinters lessen the efficiency of the battery by 
clogging the screen holes, which latter require, therefore, a 
greater amount of attention to keep them in order. 

Reduction by Stamps. — No machine effects the reduc- 
tion of ores so*well as the stamping mill. The construction 
of stamp mills varies very much, especially in their founda- 
tion frames, but in their main points they all agree, the work 
done by stamps being in principle the same as that of a pestle 
and mortar. There are generally five crushing stamps employed 
in one mortar. In California one mortar with its stamps is 
called a “battery.” The frame of the battery is generally made 
of timber. 

Arrangement of a Battery : the Frame. — For the pur- 
pose of erecting a battery a pit is sunk to the solid rock, the 
bottom of which is nicely levelled off for the reception of the 
mortar blocks, a a , Fig. 4. The block has a section of 3 by 
5 ft., and rarely exceeds 10 ft. in length. It is set on end, a»d 
consists of two logs, 36 by 30 in. each, firmly bolted together 
with i£ in. bolts, and connected also with dowels 18 in. 
long, and 8 by 8 in. in section, introduced 2 ft. from each 
end. The horizontal section of the pit has usually a space 
of 24 in. all round the mortar block, filled up to the level 



Fjg. 4.— Front View of Battery.— S cale l in. to i ft. 


and planed, it is ready for the reception of the iron mortar, 
which is fastened to the block by means of if in. key bolts, 
k passing through the bottom flanges of the mortar (Fig. 4). 
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The wooden battery frame which carries the cam shaft is 
independent of the mortar block. The woodwork is usually 
of sugar pine. The mud sills, 1 1 (Fig. 5), 24 by 24 in., and 
usually three or four in number, are laid parallel with the cam 
shaft. The sills on each side of the mortar block are secured 



Fig. 5.— Transverse Section of Battery. Scale | in. » i ft. 


by iron bolts, which pass through the hydraulic concrete and 
have an iron anchor plate underneath. (See Fig. 5.) 

Cross sills,/ /, 18 in. wide by 24 in. deep, and 18 ft. long, 
which are at right angles to the mud sills, carry the main posts, 
21 by 24 in. in section, and to these posts the cam shaft is 




26 


CRUSHING AND AMALGAMATION. 


attached. The cross sills are let and keyed into the posts in 
the manner shown in Fig. 4.* 

The Foundation. — When the ground is marshy or other- 
wise unreliable, deep excavation is not desirable, a broad base 
only being required for the frame foundation, as shown in 
Figs. 6 and 7. The surface of the ground must be dug out from 
1 to 3 ft. in depth, and with as much width and length as 
the condition of the ground and the number of batteries may 



Fig. 6.— Elevation of Battery Frame. Scale £ in. = i ft. 


require. The illustrations show a foundation having a hori- 
zontal mortar block for two batteries. Fig. 6 is a frQnt view 
and Fig. 7 a side view. Flooring underneath the timber with 
boards is improper, and in case the bottom appear unsafe the 
lower timbers must be laid close together. The bottom timbers, 
a a 9 are 12 iiY square and 18 ft. long, and are laid for the re- 
quired distance upon the carefully levelled ground. Between a a 9 

* An illustration of an iron battery frame (20 stamps) will be found at 
p. 100. 
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in the centre, short pieces, c, about 2 ft. long, are laid, so 
as to fill up the space under the double cross timbers, b' b". 
There are generally as many beams, a, a , a , as there are 
uprights,/. 

The cross timbers, b b f are laid upon a , and over b a row 
of beams, d y corresponding with a a . The mortar block, e , 
completes the horizontal frame. The latter is 20 to 30 in. 
square, and its end is secured by an iron band. Oak is 
of course the best material for theue blocks, but awing to its 


IS.- 



Fig. 7.— Section ok Battery Frame. Scale in. =» i ft. 

comparative scarcity, pine blocks are more generally used. 
Their length naturally depends on the number and size of the 
batteries. * 

To give greater firmness to the foundation framework the 
timbers are fastened together by bolts, h . The space between 
them is filled and beaten in with clay, loam, or, still better, 
with coarse gravel and stones, as shown in the figure at g . 
the ground becomes consolidated at a depth of four 
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or five feet, the whole frame is set so much deeper, in which 
case short vertical pieces (as indicated by the dotted lines, i) 
are fitted to the mortar block and bolted together lengthwise 
(as shown at k) 9 whilst their lower ends are let into the 
block. The planks, prevent lateral displacement of the 
blocks, i. 

Horizontal mortar blocks are also advantageously used on 
hard rocky ground, in which case, however, excavation is both 
difficult and expensive. In this case too the use of less timber 
is necessary. The ground in this case may be considered an 
artificial stone block, as represented in Fig. 8. The mortar 
block lies on the beams, b b, and these latter rest on the bottom 
pieces, a . 



Fig. 8— Stone Foundation for Battery. Scale in. = i ft. 


It contributes much to the steadiness of the frame if the 
bottom timbers are anchored to the rocks with iron rods ; but 
in case heavy stamps are used, a foundation such as is shown 
in Fig. 8 will, if the space between the timbers is filled with 
rocks, be found perfectly satisfactory. 

Instead of wood braces iron rods are frequently used, or 
iron and wood together, as shown at m n in Fig. 9. 

The advantage of iron rods is that they take up less room 
than wood braces, and are capable at the same time of being, it 
necessary, tightened. The advantage of wood braces is that 
they insure greater steadiness than iron rods. Fig. 10 shows 
the wooden frame of the battery in elevation. 
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Mortars. — Fig. 12 represents a mortar having a single dis- 
charge, and designed for copper plate lining back and front, 



Fig. 9.— Arrangement op Stamp Stems. Fig. io.— Complete* Battery Frame. 

Scale £ in. = i ft. 


the former bolted through the mortar and the latter fastened 
to a block under the screen frame. The die, shoe head, and 
a part of the stem are shown at rest in the mortar. Fig. 1 1 
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represents a mortar having a single discharge, and designed 
for copper plate lining in front only. It is especially adapted 
for crushing base ores needing concentration and fine granula- 



Fig. ii.~ Mortar for Front Fig. 12.— Mortar for Front and 

Lining. Back Lining. 


tion in order to separate the mineral from the rock. The dis- 
charge of the pulp is regulated by the fineness of the screens. 



The mortar (Fig. 13) consists of a single casting 3 ft. 9 ini 
high. The bottom is usually 3 in. thick, but sometimes more. 
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The walls are vertical on the outside, 14 to if in. thick on 
the bottom, tapering to 4 in. on the top. The bottom flanges 
for fastening the mortar to the block are 24 in. thick and 4 in. 
wide. In order to prevent the premature destruction of the 
mortar near the dies, cast-iron plates, r f 1 in. thick and about 
24 in. high, are placed as a lining all round the inside, which 
can be replaced when worn out. These being wedge-shaped 
at the lines of contact with 
each other do not need any 
additional fastening. 

At one of the sides of 
the mortar, opposite the dis- 
charge opening, d,is situated 
the feed slit, n . It is 3 in. 
in width and from 6 to 12 
in. below the top of the 
mortar, and extends across 
the whole width of the mor- 
tar. A rim 3 in. wide is 
planed off round the dis- 
charge opening, d , for the purpose of receiving the sieve frame 
(Fig. 14) and the splash box (Fig. 25), both of which are of 
cast iron, and are bolted to it. The horizontal mortar bed 
receives the dies, /, the bottom or foot plates of wdiich fit 
almost close to the sides of the plate lining of the mortar. 

The Die. — The foot plate, 
a, of the die (Fig. 15) is of a 
rectangular form, and its corners 
are cut off for the purpose of 
facilitating its removal in clean- „ _ _ 

° , Fig. 15— The Die. 

mg the battery. It is 1 4 in. Scale $ in. = 1 ft. 

thick, and carries a cylindrical piece, b f 34 in. high, the diameter 
of which is usually 10 in. When worn down to the foot plate 
it is replaced by a new die. Each battery consists of five 
stamps, which when new are all of a uniform weight. 

The Stamp. — The stamp consists of four cylindrical 
pieces : the head or boss, the stem, the tappet, and the shoe. 
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The Head (Fig. 16) is of the same diameter as the shoe, 
and is from 15 to 20 in, long. Its lower face is provided with 

a conical recess, /, 6 in. deep, 
which receives the shank of the 
shoe, and a tapering core, d 9 to 
receive the foot of the stem. 

To facilitate, in case of break- 
age, the detachment of the shoe 
and stem, channels, m m 9 0 0, are 
provided below it for the insertion of wedges, which pass easUy 
through the boss. 

The Stem (a, Fig. 17) is of wrought iron, and varies in 
length from 13 to 15 ft., and in 
thickness from 3 to 3f in. It is 
turned true in the lathe. Both ends 
of the stem are tapered off, so that 
either may serve as a foot. 

The Tappet (rr, Fig. 17) is 
in the main a cylinder of cast iron, 
from 9 to 11 in. in diameter, and 
10 in. long, having a central bore. 
It is slipped on the stem and 
fastened to it by means of a 
wrought-iron gib, b f keyed up by 
wedges, n n, at right angles to the 
gib. The projection, 0 0 , prevents the slipping of the gib, 
which would cause an uneven wear of the cam face. The gib 
is introduced into the mould previous to casting. 

The tappet is slipped on the stem, and wedged above and 
below by means of the wrought-iron gib, b , which is 2 in. wide, 
and may be as long as the tappet, or shorter. Its inner face 
forms a part of the circular hole which receives the stem.* 
N rt are th$ key seats, into which the gib, b , slightly projects, 
so that if a key be driven into the seat it will press the gib 
against the stem, and so fasten the tappet to it. The tappet 
may in this way be easily moved to any point which the wear 
of the shoes may from time to time make necessary. The 



Fig. 17.-— Stem and Tappkt. 
Scale | in. ~ i tt. 
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tappet when worn on one side may be reversed, as both sides 
are alike. The use of too much grease or oil prevents the 
revolution of the stamp, and, as a consequence, not only does 
the surface of the tappet become damaged, but the advantage 
of a uniform wear of the shoe is destroyed. 

As every part of the working face of the tappet becomes 
worn by the cams — with the exception of a concentric ring 
\ in. wide round the stem (the cam passing within half an inch 
of the stem) — an annular recess, m m , i in. deep, and concen- 
tric with the stem bore, but i in. longer, is bored out on the 
working faces to prevent the wear of the edges of the cam. 
Both faces of the tappet are used as working faces, and when 
they are worn down to the extent of an inch they are replaced 
by new ones. 

The Shoe (Fig. 18) is generally made of white iron, cast 
wholly in sand and slowly cooled; but it is sometimes made 
of steel. In the Californian stamp mills the form of the 
shoe is generally round. 

The cylindrical part or butt, a } is 5! in. long ; the shank, b , 
being one-half the diameter of the butt, has the same length, 
and tapers upwards conically. The diameter of the butt varies 
from 9 to 11 in. The head is fastened to the stem by laying 
two strips of thin cloth crosswise over the stem head, and then 
driving the stem home. The tappet is then keyed fast to the 


stem, and the shank of the shoe, which 
is surrounded by small wooden wedges 
pointed upwards and held in position 
by a string, is set vertically under the 
shank hole of the boss. In falling, Fl0> l8 _ The Shoe . 
the stamp wedges the shank of the Scale f in. « x ft. 
shoe firmly into the shank hole, after which two or three blows 



are given at the top of the stem with a sledge hammer. The 
I battery is then allowed to play slowly, so that the stamp may 
be lifted six or eight times while the others are at rest. The 
shoe is not allowed to strike on the naked die ; a* piece of 
board or plank is therefore placed between the shoe and the 
die. The lining formed by the strips of wood must have sub- 
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stance enough to prevent the edge of the head coming in con- 
tact with that of the shoe. The shoe should be renewed when 
worn to the extent of an inch. 

Weight and Power of the Stamp. — The weight of 
stamp varies from 600 to 900 lbs., and is generally between 
750 and 850 lbs. The weight is 10J lbs. per square inch of 
crushing surface. The shoes are placed 1 in. apart, and 1 in. 
from the linings of the mortar. The proportional weight of 
the stem, head, shoe, and tappet, respectively, to the total weight 
of the stamp is as 40 : 29 : 16 : 15 : 100. The weight ofahe 
die when new is usually 1V0 of the weight of the stamp. 



Fig. 19.— The Journal Boxes.— S cale f in. = i ft. 


The effective mechanical power per second of the stamps 
in a battery is found by dividing the product of the number of 
stamps, the weight of one stamp, the lift in feet, and the num- 
ber of lifts per minute, by 60 seconds. The power applied on 
the shaft must be greater than the effective power, on account 
of the friction of the stamps in the guides, as well as of the 
cams an<j tappets and the shaft journals, and also on account 
of the jarring of the whole machinery, which practice has 
determined at from to i| horse-power per stamp, accord- 
ing to the weight of the stamp. 

The Cam Shaft is of wrought iron, and generally 5 in. in 
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diameter when turned in the lathe. It is provided with two key 
ways, i by f in., which for the purpose of insuring the normal 
position of the cams are placed at right angles to each other. 
The centre of the cam shaft is usually 5 in. from the centre 
line of the stems. The shaft is placed 9! ft. from the mortar 
bed. 

The weight of the stamps should be distributed on the shaft 
as equally as possible. It will be found an advantage to power 
and machinery to have one shaft for several batteries, as in this 
case if there be, say, thirty or forty stamps in the mill, they 
can be all arranged on the shaft in such a manner as to insure 
that no more than one stamp shall catch the tappet at the 
same time, in which case the shaft will bear the same weight 
at each moment of the revolution. If the same number of 
stamps were driven by, say, six or ten separate shafts, each con- 
nected with a main shaft, this latter shaft would have to bear 
from four to six times as much weight at one moment as at an- 
other, depending of course on the time of starting the separate 
batteries. 

On the other hand, there are reasons which make it inad- 
visable to use one shaft for several batteries. For instance, the 
stamps may each be easily and independently arrested in the 
several batteries ; but should a cam get loose, all the batteries 
will have to be idle while the repairs are going on ; while still 
more inconvenience would arise if one of the cams should 
break, as in this case all the cams in the way must be first 
removed. For this latter reason cams fitted directly to the 
shaft are not so good as those screwed or wedged on rings or 
collars. All things considered, a middle course would seem to 
be the best. Two five-stamp batteries with one cam shaft are 
better for the machinery than two shafts. 

The position on a shaft of the cams for two five-stamp 
batteries is shown in Fig. 20. a is a section of the shaft ; b, a 
front view showing perpendicular dotted lines, 1 to 10, which 
indicate the ten stamps of two batteries. The half-circumference 
of a (the cams being double) is divided into ten equal parts, 
commencing at 1. Through these points of division parallel 



36 CRUSHING AND AMALGAMATION. 

longitudinal lines, i, 2, 3 to 10, are drawn, and on the perpen- 
dicular line of each stem the dots a 9 b, c, a\ &c., are marked as 
follows, corresponding with the dots in the front view : — 


First line, 

first cam, 

for the first battery 

zz a 

Second 

tt 

first „ 

„ second 


zz a* 

Third 

tt 

fifth „ 

first 

tt 

zr 6 

Fourth 

tt 

fifth „ 

second 

it 

= <?' 

Fifth 

tt 

third „ 

first 

>9 

zz c 

Sixth 

*» 

third „ 

second 

ft 

zz c* 

Seventh 

ft 

second „ 

first 

tt 

zz b 

Eighth 

ft 

second „ 

second 

tt 

zz b' 

Ninth 

*t 

fourth „ 

first 

tt 

zz d 

Tenth 

ft 

fourth „ 

second 

tt 

zz d f 



The points of division upon the circumference of a indicate 
the positions of the key-seats, which are transferred on to the 
cams, and seen in Fig. 21. The first key-seat on the first cam 
of the first battery, on the line h , is marked exactly in the 
same line on all of the ten cams. The distances from 1 to 2, 
then from 1 to 3, 4, and 5 (as seen in Fig. 20) are correspond- 
ingly transferred proportionately from 1 (on the line h ) on to 
the second, third, fourth, and fifth cam of the first and similarly 
on to the following five cams of the second battery. When 
fastened on the shaft, and having a long common key-seat, the 
cams will stand as shown by the dots a, b , c in Fig. 20. 

The Journal Boxes are constructed as shown in Fig. 19. 
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The journal cap is held down on the feed side by a wooden 
wedge, a, which is secured by a bolt passing through a slit, to 
allow, when necessary, of its being tightened. 

The leading principle to observe in connection with lifts is, 

first, to distri- 
bute the weight 
of the stamps 
equally on the 
shaft ; and, se- 
condly, to have 
the next stamp 
on each side 
begin to rise be- 
fore the middle 
stamp drops, so 
that the rock 
may be thrown 
on to both the 
right and the 
left dies. 

Flange Coupling. — On the cam shaft is a bevel clutch or 
toothed coupling, v, Fig. 4, by which the cam shaft may, by 
means of a fork or bevel, be disengaged from the pulley shaft. 
It also fills the im- 
portant function 
of preventing the 
breaking of the 
cams and the 
bending of the 
stems in case of a 
reverse motion of 
the cam shaft. 

The Cams 
(Fig. 22). — These 
are of cast iron, 
having a face of Fia 22.-CA MS .-Scaie 3 in. = 1 ft. 

3 in. and a depth of i to 2 in. They are strengthened by a 
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rib, by i£ in. thick and increasing in depth towards the hub, 
which latter has a thickness of 2\ in. The hub is always on 
the off side of the stem, and therefore allows the cam shaft to 
closely approach the centre of the stem. The stamps are lifted 
by means of the cams. The cam face is generally constructed 
in the form of an involute curve, as by this construction the 
same point of the tongue or tappet is, during the lift of the 
stamp, raised vertically and uniformly, the lift of the stamp 
always having a proportion to the motion of circle described 
by the cam. Two cams placed opposite each other (Fig.*22) 
are always attached to one hub, which is strengthened by a 
wrought-iron band. 

In California the cams for revolving the stamps are double. 
Single cams are in less frequent use, and their purpose is to in- 
crease the number of lifts, doubling the speed of the shaft, 
and, of course, necessitating additional power. 

The construction of the cam is shown in Fig. 22. a n 
shows the distance from the centre of the cam shaft to the 
centre of the stem ; n a the length of the greatest lift, plus the 
distance from the centre of the cam shaft to the first front of 
contact of the cam with the tappet. The curve, b <2, is changed 
to b a ; a a! is in this case *§ in. The lift varies between 8 and 
11 in., and is generally 10 in., with a corresponding cam curve 
of 2 1£ in. The friction between the cam and the tappet causes 
the stamp to revolve, thus insuring an even wear of the shoe. 

The mortar (Fig. 13) is covered with 3 in. planks, <?, held 
in position by the bolts, m m, which are attached to the side of 
the mortar. They join in the centre line of the stems, and 
are provided with semi-cylindrical grooves to receive the stems. 

The G-uides, which are of sugar-pine, are 15 in. deep, and 
10 in. broad. They are firmly bolted to the uprights which 
carry the cam shaft. The centre of the upper guides is 
3 ft. 4 in. above, and the centre of the lower guides 4 ft. 
below, the centre of the cam shaft. A wood lining, consisting 
of two 3 in. planks. 15 in. deep, with semi-cylindrical grooves 
to fit and enclose the stems, is bolted on to the main guide- 
timbers. The complete arrangement is shown at s s , in Fig. 4. 
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Discharge in Wet Crushing. — The discharge of the 
crushed ore takes place at one of the long sides of the 
mortar. The discharge generally takes place either through 
a slit or a longitudinal opening. For coarse and fine crushing 
— that is, the production of fine sand, not slime — the best 
arrangement is to use grates or screens. The discharge or 
sieve frame, which is made of cast iron, is divided into five 
panels (Fig. 14), each measuring ij£ in. by 15 in. 

The Screen is of nearly the same size as the panel, only 
exceeding it by about i in. all the way round, and is bolted 
close to the panels by means of a cast-iron frame, 3 in. deep 
(Fig. 23). In order to make the joint tight, a blanket binding 
is sewn round the edge of the screen. 

For the screens punched copper or iron plates are mostly 
used. Frequently brass or steel wire cloth is used, which pro- 
duces a more effective discharge, as the surface of a wire cloth 
has more openings of the same size than the plates. The 
screens generally in use are made of Russian sheet iron (Fig. 
24), weighing neatly a pound per square foot. The rectangular 
holes, which are punched by machinery, are fths of an inch 
long, and wide enough to allow 
the passage of a No. 6 sewing 
needle. The holes are |ths of 
an inch apart longitudinally, and 
their centres fths of an inch 
apart vertically, thus leaving a 

r 1 .1 r ■ v v . Fig. 23.— Screen Fig. 24.— Screen. 

space of Jth of an inch between frame. 

them. The tumed-up edge faces Scale § m. = i ft. 

are on the inner side of the mortar, and when the edges are 
worn down the holes are closed or made smaller by pounding 
the edges with a mallet. 

To prevent choking, wooden hammers are sometimes con- 
nected with the shaft, which strike the screen ,at regular 
intervals. In the absence of this or some other arrangement 
answering the same purpose, the sieves must be brtished from 
time to time. 
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The Splash-box, which is of cast iron (Fig. 25), is pro- 
vided with three discharge spouts, and is tightly bolted, with 
the aid of blanket packing, to the mortar. 

Sieves in an inclined position give a better discharge than 
those placed perpendicularly. 

In some of the mills of California and Nevada the discharge 
through the screens takes place in dry and wet crushing at the 

two long sides, but it 
is usual for the dis- 
charge to be on One 
side only. 

The dies are placed 
from 2 to 3 in. below 
the discharge. There 
is very little difference 
in the method of crush- 
ing. 

The manner of bra- 
cing ‘ the uprights of 
the cam shaft is seen 
in Figs. 5 and 10. As 
the strain of the belt is in the direction of the discharge, no 
bracing is needed on the feed side, which gives therefore a 
clear working space on that side of the battery. 

The stamps are usually raised for repairing by means of 
a tackle, which is suspended on a roller strap on an over- 
head beam. They are kept in suspension by the props, q 
( p ig- 5 )- 

The Supply of Water to the battery is effected by an 
iron pipe, h (Fig. 5), passing over the feed opening near the top 
of the mortar. The vertical discharge is through small aper- 
tures, which can be closed by wooden plugs. There is also 
a in. w&ter pipe running along the discharge side of the 
battery, to allow for an increase of the quantity of water over 
the blanket sluices. 

The quantity of water in the battery necessary to discharge 
the ore depends on the quality of the ore. Pure quartzose ore 
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requires less water than clayey stuff. Coarse-grained ore or 
gold will bear more water than that in a fine condition. The 
quantity of floating metal and slime increases with a decrease 
in the quantity of water. The stamping of muddy or clayey 
ore sometimes requires more water than is necessary for a proper 
discharge, in which case water may be conveyed to the mass 
outside the battery. 

The settling of the P ( j 
particles of the ore is rj — S 
more perfect when the 
pulverised mass is in 
a sufficiently diluted 
condition. When 
crushing quartz rock 
in the usual way with 
a No. 4 screen, each 
stamp requires per 
minute from one-half 
to three-fourths of a 
cubic foot of water. 

Feeding the Bat- 
tery with Ore. — 

This operation is per- 
formed either by hand 
or by some mechani- 
cal contrivance. 

Hand feeding is still 
in favour in California 
and Nevada, notwith- 
standing that a great number of mills are provided with self- 
feeders. The stamps always regulate the feed where self- 
feeders are employed. The one mostly in use iS a movable 
feeder. 

A Self-Feeder is represented in Fig. 26. The feed-box, 
a, of which there are generally two to each five-stamp battery, 
is fixed, and has a movable shoe, b , resting on the support 
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The rod, d, is connected with the lever, e, which rests on a 
half-round pin, /. The space below / serves to regulate the 
position of the lever. It is filled with a wooden piece, placed 
higher or lower according as the wear of the shoe of the stamp 
may require. By the screw thread, d, the slide of the shoe, b, 
may be altered. The depth of the box, a , varies according to 



Fig. 27.— Tulloch’s Ore-Fkkdkk. 


the quantity.of rock it is required to contain. Small boxes are 
usually preferred, notwithstanding that there appears to be an 
advantage in having to fill a feed-hopper only once instead 
of perhaps four or six times a day. Fig. 27 shows Tulloch’s 
ore-feeder, of similar construction. 


TULLOCH'S ORE-FEEDER. 
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Tulloch’e Ore-Feeder. — In this machine (Fig. 27), a is the 
hopper into which the crushed ore from the stone breaker is dis- 
charged : b, the shaking tray for feeding the ore into the mortar- 
box ; c, c, c, are suspension links for carrying the tray ; d g is 
a rocking shaft which imparts a rocking motion to the feeding 
tray through the arm e ; the lever 1 p is centred at l and is 
connected to the shaft d g by means of the link h ; by means of 
the rod j, the top end of which comes in contact with the tappet 
of the centre stamp (a hole being bored through the lower 
guide block of stamps for this purpose), a motion correspond- 
ing to that of the stamps is given to the lever ip; o is the 
framework of the machine, and m is a strong steel spring for 
giving a sharp recoil to the tray b, thereby insuring a proper 
movement of the ore over the same. 

These feeders are exceedingly simple and compact, and save 
all hand labour in feeding the battery. They can be regulated 
to feed any quality or quantity of ore. If the dies are deeply 
covered with gre the stamp does not fall through its full height, 
and consequently little motion is imparted to the shaking tray; 
if, on the other hand, there should be no covering of ore on 
the dies, the tappet will travel through the full height of its 
fall, and the rod j will move in proportion. 

Proper feeding lies between these two extremes, and there- 
fore the rod j leading to the lever 1 p should be so adjusted 
that there shall always be a thin layer of ore on the dies, and 
thus avoid any loss of power from unnecessarily pounding the 
ore in the mortar box. 
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II. — Amalgamation of the Free Gold. 

The Attwood Amalgamator (Fig. 28) consists of two hol- 
low cylindrical troughs, 1 1 , 17 in. long and 4 to 5 in. deep, and 
made of wood or iron. These are filled with clean quicksilver, 
over which the blanket washings are directed. The gold, being 
heavier than the quicksilver, will sink to the bottom, except 



that part attached to the quartz or sulphuret, which is borne to 
the top. 

The surface skimmings are agitated by wood cylinders, c c, 
8 in. in diameter, suspended parallel to and over the centre 
line of the trough, and provided with radial arms of *-in. 
round iron, whose ends are slightly curved. These arms 
are placed along the cylinders in twelve longitudinal rows, 
consisting alternately of eight and nine arms, those of each row 
being set c pposite the spaces in the next. They are not allowed 
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to dip into the quicksilver, but they almost touch it. The 
cylinders are, between the centres, 2 ft. 10 in. apart, and are 
6 in. below each other. They make sixty revolutions per 
minute, and are driven by small belts. The arrangement for 
insuring a steady flow of the sand from the blanket through the 
-amalgamator is shown in the figure. The connecting-rod, m r , 
receiving a horizontal movement from the crank, r s , transfers it 
by means of the bent lever, m a b> to the ratchet, b d \ which 
moves, by means of the wheel, d 9 the endless screw, k. The 
endless screw, k, gives a rotary motion to the discharge pipe,/, 
which is attached to the water trough, c, by means of a lever, 
w, connected by the rod, /, with the water trough shaft. By 
raising the weight, w, suspended at the end of the lever, n , the 
female screw at the opposite end of the lever, n f can be placed 
at any point along the endless screw, and a change in the 
inclination of the pipe may 
thereby be effected. The female 
screw on the lever, n , is part of a 
diametrically cut nut. On reach- 
ing the point, g, the endless screw ceases to move the lever, n . 

One amalgamator treats the blanket washings of two 
5-stamp batteries. The quantity of water passing through an 
amalgamator is one cubic foot per minute. 

The tailings from the amalgamator pass through wooden 
riffle sluices (Fig. 29), which are generally two in number. 
They are each 9 in. wide, and have an inclination of 1 in. to the 
foot. The riffles are 6 in. apart, and at the lower end are from 
£ in. to £ in. deep. They are filled with pure quicksilver and 
present a bright surface of from 2 to 3 in. in length by 9 in. 
in width. There are generally from twenty to thirty riffles to 
one sluice. The skimmings from the amalgamator and the 
quicksilver riffles, which vary from *i to *5 per cent, of the 
crushed sands, are slowly ground and amalgamated in pans, 
which insures, with a minimum loss of quicksilver, a satis- 
factory result. 

Hydrogen-Amalgam Process ( Mollo/s Patent ). — The 
principle involved in this process is, that when gold is brought 



Fig. 29.— Rifflk Sluices. 
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into absolute and maintained contact with clean or “ quick 
mercury,” the gold is absorbed by and retained in the mercury. 
As will be shown later on, where refractory ores have to be 
dealt with, they cause the mercury to “ sicken ” — that is, to be- 
come coated with an oxide which lies like a sheet of paper on 
the surface of the body of the mercury, preventing contact 
between the particles of gold and the clean portion of the 
mercury. This sick mercury also powders away — or, as it is 
termed, “ flours” — so that the floured fluid metal is carried 
away and lost, leaving fresh surfaces to be attacked by the 
injurious ingredients in the ore, and causing a loss of mercury 
as well as of gold. 

The object of the hydrogen-amalgam process is to save 
the loss of mercury and of gold by maintaining the “ quick- 
ness” or “ brightness ” of the mercury, and by insuring a 
continual contact between each separate particle of the pul- 
verized ore and the quick mercury. 

The apparatus * consists of a shallow pan about one inch in 
depth, and 41 £ inches in diameter, which contains mercury about 
half an inch in depth. In the centre of this pan is a porous 
jar, so placed and fixed that the mercury cannot enter or 
move it. Within this jar is a cylinder of lead and a solution of 
sulphate of soda. This lead cylinder, which constitutes the 
anode, is connected with the positive pole of a small dynamo 
machine, while the mercury is connected with the negative pole 
of the same dynamo. 

When the current passes, oxygen is evolved from the sur- 
face of the lead anode, while hydrogen is evolved from the 
surface of the mercury. This action, which is apparent to the 
eye, is of course due to the decomposition of the electrolyte 
formed by the solution of the sulphate of soda. The mercury 
combines with a portion of the hydrogen, and so forms a 
hydrogen-amalgam, while the excess of hydrogen so formed 
passes away. Now, while the mercury is thus charged with 
hydrogen it cannot oxidize, because of the presence of an 

• I am indebted to the Hydrogen- Amalgam Company for the informa- 
tion here given concerning this apparatus. 




Fig. jio. — Hydrogen Amalgamator (Molloy’s Patent). 
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and therefore capable of attacking and absorbing the gold into 
itself. 

For bringing the pulverized ore into contact with the mer- 
cury, the following method has been devised by the inventor. 
Floating upon the surface of the mercury is a disc forty inches in 
diameter, which dimension leaves a narrow outside channel all 
round the edge of the pan where the mercury is uncovered. 
The centre of the disc has a circular hole in it so as to clear 
the porous jar by about two inches. This central opening in 
the disc has a rim about two inches high which forms a hopper. 
The disc, as it floats on the mercury, is slowly revolved* by 
simple mechanism. The pulverized ore, as it leaves the 
stamps or other crusher, flows into the hopper accompanied by 
a stream of water, and is then by centrifugal action carried 
under the revolving disc and rolled round in the mercury in 
ever-increasing circles until it reaches the peripheiy of the disc, 
and consequently the outward channel between the edge of 
the disc and that of the pan. Here, freed from the pressure 
of the disc, the pulverized ore floats up and over the edge of 
the pan and passes away, leaving behind it in the mercury 
every atom of amalgamable gold it previously contained. 
This perfect extraction is due to the rolling action which 
separates each particle of the ore and rolls it for some ten 
seconds in the bright quick mercury, which takes up in this 
way the amalgamable gold. 

It is stated that the mcreased quantity of gold extracted by 
this process has never been less than io per cent., and that 
the whole cost of treatment amounts to only 3d. per ton for 
electrical and mechanical force and for labour. 

Each amalgamator is said to be capable of treating from six 
to ten tons in twenty-four hours. The pulverized ore goes 
direct to the amalgamator from the battery. The maximum 
speed must*not exceed 14 revolutions per minute, or mercury 
may be thrown out. It is recommended to crush very fine 
when using this machine — from 80 to 120 mesh per linear 
inch. The quantity of mercury for each amalgamator is 350 
pounds. 
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Pan Amalgamation. — In many mills the heavy concen- 
trates which accumulate on the blankets or other contrivances 
are submitted to amalgamation in grinding pans, of which 
several varieties are in general use. Two of the best known 
are the Knox and the Wheeler pans. 

Grinding Pans. — (i.) The Knox Pan , — This pan is very 
much in use, and is capable of grinding, in three separate 
charges, the skimmings of a 30-stamp mill in twenty-four 


f 



Fig. 31.— Knox Pan.— S cale % in. a i ft. 


hours. Fig. 31 illustrates this pan in vertical section and plan. 
It is of cast iron, and is 4 ft. in diameter and 14 in. deep. 
The sides are i in. and the bottom in. thick. The pan is 
supported by four cast-iron legs, l /, bolted to the floor, and 
attached to the pan similar to a stove leg. On the legs are 
projections which support the cross-bars bearing the driving 
shaft. The vertical pinion-wheel can be put in or out of gear 
by a bevel clutch worked by lever. 

The pan has a false bottom, /, i£ in. thick, with a project- 
ing vertical rim at the periphery, to form a hollow annular space 
underneath for the introduction of steam. There is also a 
radial groove in the false bottom, in. wide and 1 in. deep, 
for the accumulation of quicksilver and amalgam, which con- 
nects with the lower discharge hole situated opposite the 

E 
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driving shaft. The upper discharge hole is 4 in. above the 
lower one. The holes are closed by wooden plugs 2 in. in 
diameter. 

The centre of the yoke, d, attached to the muller, m, is 
keyed to a vertical wrought-iron shaft, s , 2 in. in diameter, 
which latter is guided by a hollow cast-iron cone in the middle 
of the pan. The muller consists of a flat ring made of cast iron, 
having an inside diameter of 10 in. and being 4^ in. wide and 
1 in. thick. Attached to the muller are four arms, 12 in. long 
and 6 in. wide, placed at right angles to each other, to whiclr 
cast-iron shoes, u , ij in. thick, are bolted through the 
slits c c . 

Between the muller and the shoe, a wooden shoe, r, having 
exactly the same shape as the iron one, and about 6 in. high, 
is introduced to prevent the unground pulp from settling on 
the latter, the upper face of the wooden shoe reaching above 
the surface of the pulp. The head of the bolt, passing through 
the shoe and muller arm, fits into a recess in the bottom of the 
iron shoe, and wears off gradually with it. ® 

The yoke, d, bolted to the muller, serves the purpose of 
raising or lowering the latter by means of the screw,/, which 
rests on the vertical driving shaft and passes through the centre 
of the pan. 

The muller makes from twelve to fourteen revolutions per 
minute, the force for which is communicated from the horizontal 
shaft by bevel-gearing which makes from thirty to thirty-five 
revolutions per minute. 

Process of Pan p Amalgamation. — This is effected by 
charging 300 lbs. of the skimmings or blanket washings into 
the pan, and adding water until the pulp just adheres to a 
stick dipped into it without dropping off. Then the pulp, after 
three hour^ grinding, is heated by steam under the false bot- 
tom of the pan. At the same time is added a cupful of a mix- 
ture consisting of equal parts of saltpetre and sal-ammoniac. 
About 50 lbs. of mercury for every charge is also added simul- 
taneously with this mixture. 
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After being amalgamated for three hours, the pulp, then 
very fine, is diluted with water. A few handfuls of caustic 
lime are added at the same time, which greatly assists the 
coagulation of the particles of quicksilver. The diluted pulp, 
which reaches within one or two inches of the top of the pan, is 



Fig. 32.— Wheeler Pan with Wooden Sides. 


agitated for about twenty minutes, after which it is discharged, 
the muller being kept in motion, through the upper plug hole, 
and, subsequently, through the lower. A bucket, which is 
placed in front of the discharge holes, catches any quicksilver 
or amalgam which escapes during the discharge. When a clean 
up is required, the quicksilver and amalgam and the small 
quantity of sulphides still remaining are washed into the 
bucket. Quicksilver is then added and the skimmings removed, 
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which go back again to be re-ground. The amalgam is worked 
by hand and the lumps broken up. The impurities on the sur- 
face are removed and the bright quicksilver strained through a 
canvas filter. 

The pulp from the pan is run into a large tank to settle, 
and in many cases it still retains a considerable quantity of 
gold, amounting sometimes to a value of ^25 per ton, which is 



added to the coarser sulphurets and treated by a process to be 
hereafter described. 

(2.) The Wheeler Pan . — Figs. 33 and 34 show one of these 
improved .pans. Fig. 33 is a cross section on the line 2 of the 
ground view, Fig. 34, one part of which exposes the dies, and 
the other part the muller with the shoes, shown by dotted lines. 

The pans have a cross piece, m , in which the box, t J } for 
the horizontal shaft, r, the step box, p, and the lever, q y are 
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fixed, which vary only in shape and arrangement. The lever, 
if screwed up by the hand wheel, lifts, by means of the pin, v, 
the box, and with it the perpendicular shaft and muller. The 
upright shaft, h , is provided with a screw, u , by which the 
muller is screwed up so high above the rim of the pan that 
cleaning and changing of the dies may be conveniently per- 
formed. By this arrangement the hoisting apparatus is avoided. 
The guide plate, i, or, as it is called, the scraper, of which there 
are four in a pan, is short, which gives to the moving pulp 
sufficient direction towards the centre, and may be readily 
removed from the T-shaped projection of the pan; o is a pipe 



Fig. 34.— Ground View of Wheeler Pan.— Scale J in. = 1 ft. 


which conveys oil to the box on which the hub of the gear, k , 
runs ; n shows the steam chamber for heating the pulp. The 
muller, /, is provided with two openings, b b , to receive the 
dovetailed projections of each shoe, as shown in Fig. 35. 

There is a very simple method of fastening the shoe, e, to 
the muller. c is a vertical section on the line a ; the shoe is 
placed under the muller, so that the projections, b b f fall into 
the openings in the muller ; the space, k , is then filled by a 
wood wedge, when the shoe stands firm. The dies, a, Figs. 33 
and 34, of which there are four to each pan, have a similar 
dovetailed knob, which is wedged into a recess in the bottom 
of the pan. 
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In order to impart to the stuff a rising current on the 
periphery of the bottom, there are on the sides of the pan 
inclined ledges, /. Smaller ledges, l ', for the same purpose, 
occur on the periphery of the muller, but these latter are in- 
versely inclined. The space, a' f between the dies can be 
wedged with hard wood. Each pan is capable of a charge of 
600 to 800 lbs. of slimes. 

It is evident that a pan having a circular plane bottom must 
increase the grinding from the centre towards the periphery, as 

J each point of the muller on the radial line 
describes a larger circle proportionately as 
it is farther from the centre, and must there- 

a fore wear accordingly. If the muller on 

this account wears sooner at the periphery, 
ij, \ a partial suspension of the work appears to 
result, the points near the circumference 
waiting as it were until the wear towards the 
^ centre overtakes that at the periphery. It 

Scale $ in. » 1 ft. would seem, therefore, that if the muller and 
the dies could be constructed of a material continually in- 
creasing in hardness towards the periphery, the grinding and 
the wear would be rendered uniform. 

It is also evident that the quantity of quartz which enters 
the central opening must decrease proportionately as it ap- 
proaches the periphery; that is, considered in reference to the 
increasing grinding surface of the muller. The quartz is also 
being ground while on its way towards the periphery, which 
receives six times less quartz than the central opening (con- 
sidered in reference to the larger circle), the quartz being 
already partially ground. It is obvious, therefore, that the 
wear of the muller has for this reason a tendency to decrease 
towards the periphery. It is necessary also to consider the 
radial slots between the shoes of the muller, which supply the 
grinding surface farthest from the centre with fresh stuff ; but 
as the sectional size of the slots decrease by the wear of the 
shoes and also by their being choked with amalgam and other 
matter, this evil tends somewhat to rectify itself. 
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(3.) The Improved Soderling Pan. — Mr. Soderling, a 
Californian mining engineer, has recently introduced a form 
of pan which possesses novel features, and will no doubt prove 



of great advantage. It should prove especially valuable in the 
treatment of slimes and tailings which, through long exposure, 
have become baked together, as the disintegration of lumps can 


' * nv 00 9 
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be effected in this pan without any previous mechanical pre- 
paration. In the pans described on the previous pages, the 
material is caused to pass between the mullers and dies, and 
the two oppressing surfaces grind and reduce the pulp in the 
presence of mercury, to save the precious metals. In this pan 
the material itself acts as a grinder, by the production of a 
counter-current. Its construction will be seen from the accom- 
panying illustration (Fig. 36). 

The pan can have a steam chamber at the bottom, and is 
provided with the muller (C) to which the grinding shoes (D) 
are attached. Dies (E) are placed in the bottom of the pan, 
and between them and the shoes of the muller the material is 
caused to pass by the centrifugal motion of the muller from 
the inner portion of the pan to the outer. This muller has a 
yoke (F) or cone extending upwards above the central cone of 
the pan, and is driven by means ot a hollow shaft (N N), which 
extends up through the central cone (I I) of the pan and has a 
feather or key by which it is connected with tlje muller. This 
hollow shaft is driven by means of a bevelled gear and p ; nion M. 
A shaft extends up through the hollow shaft, and has a gear 
wheel (Z) fixed upon the opposite side from the other gear 
wheel, this one pinion serving to drive the two shafts in oppo- 
site directions. 

Another driving arrangement, where the bevel gearings are 
arranged one below the other, is shown in Fig. 38. 

The upper end of the solid shaft has a feather which 
engages with a corresponding keyway in the hub o at the upper 
end of the outside cone p p. This cone extends down outside 
the inner one f, which connects with the muller corresponding 
with it in shape, and is connected with a stirring apparatus 
which is driven by it in an opposite direction from that of 
the muller. This stirring apparatus s s (shown in Fig. 37) 
comprises rings having fitted thereto angular blades, s s, Fig. 37, 
thereby forming slots between the blades, these slots being 
angular, and having their sides curved, so that when rotating 
the tendency will be to carry the material from the outside of 
the pan through the slots and throw it toward the centre, where 
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it will come in contact with the oppositely-moving current, 
which is thrown outward by the inner muller moving in the 
opposite direction. This action produced by the independent 
currents forms a circulating current above and below the 
mullers, and causes the harder and softer portions composing 
the pulp or slime to erode and disintegrate each other, and 
the whole mass of material will be acted upon by the chemicals 
employed during the process, and will be amalgamated with 
the mercury which is placed in the pan for the purpose. 

This counter current can be increased by attaching to the 
muller the blades b b, which are fastened to them in the manner 
shown in Fig. 36. The pan, the steam bottom, dies, the muller 
and driving gear, are similar to those used in the ordinary 
grinding pans; and (as shown in Fig. 37) the extra or circum- 
ferential outer muller can be attached to any pan now in use at 
a small cost and be rotated from above, by a shaft, the lower 
end of which runs in a deep slip* or guide on top of the 
ordinary muller, $nd at the upper end feathers to engage with 
corresponding key-ways cut in the side, the hole that fits the 
shaft in a gear wheel (or pulley to apply power direct by belt) 
in either case with a long hub, running in a boxing. The 
rotation of the outer or circumferential muller produces an 
action much greater than can be accomplished by grinding, the 
time being no greater than that occupied with the ordinary 
grinding. 

The amount of power required is only that necessary to run 
this isolated ring, which may be made to run either faster or 
slower than the grinding muller by a simple change in the 
relative sizes of the gear wheels. By this device friction is 
avoided, which would be necessary if more grinding surfaces 
were employed. The excessive wear of the machinery is also 
avoided, and the action is better, inasmuch as the striking 
points of the opposing currents are acting all the way round 
the pan, and so far from the centre as to be in operation about 
one third the radius of the pan from the edge, showing the 
impact action to increase in ratio to the cubic contents, of 
great importance in building large pans. 
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For treating tailings, pans of this construction can be 
utilized holding 5-ton charges, running four hours, which will 
give a daily capacity of 30 tons per pan, and five pans could 
reduce r 50 tons. According to the coarseness or fineness of 



Fig. 38.— Soderling Pan. 


the tailings, grinding with the muller and the shoes will be only 
required for an hour or so. 

When it is desired to clean up, attach chain block and hoist ; 
and the shaft being small below the hub will slide up through 
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the muller up against the hub, 7 to 10 feet above the pan, in 
this way giving ample room to remove the ordinary muller 
and dies as usual. The lever q, worked by hand-wheel a, is 
intended to raise or lower the muller. The shaft is connected 
by feather to the gear-wheel, which has a groove in the hub for 
a support to hold it in its place under the pan bottom. 

The Settler. — After several hours’ grinding in the pan, the 
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Fig. 39.— Tiib Settler. 


pulp is discharged into another vessel similar to a pan, which 
is called a “ settler ” (see Fig. 39). This consists of a circular 
vat, in which revolves a central axis, to which iron shoes are 
attached. The shoes are not to come in contact with the 
bottom, but are faced with wooden rubbers, so ’as to keep 
the heavier parts of the pulp thoroughly stirred. Water is 
introduced during the operation, and the pulp can then be 
drawn off at plugged holes as required. An iron bowl for con- 
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taining the quicksilver is attached, which communicates with 
a radial gutter cast in the bottom of the settler. 

Some mills are differently arranged, and the sands, after 



Fig. 40. — Eureka Rubber. — S cale in. = 1 ft. 


leaving the blankets and the amalgamators, discharge themselves 
into the rubbers, whereas in other mills the pulp, as soon as 
discharged from the copper plates, passes into the rubbers ; 



Fig. 41. —Eureka Rubber.— S cale & in. = 1 ft. 


but these machines are being rapidly replaced by better and 
more modern amalgamating appliances. 

Rubbers. — In the rubbers the particles of gold are further 
cleaned and brightened, while at the same time being detached 
from the sands. They have also an opportunity of being 
caught by the amalgamated copper plates of the rubber. 




THE EUREKA RUBBER. 


6l 


The Eureka Rubber (Figs. 40 and 41) consists of a rectangular 
cast-iron box, 7 in. deep and 4 ft. 8 in. square, which is pro- 
vided with a false bottom made of cast-iron dies or plates. On 
these latter are cast-iron shoes affixed to a wooden frame, which 
have a rectilinear motion imparted to them by rods connected 
with an eccentric. The wooden boards for the shoes are 
covered with amalgamated copper plates. 

In preparing the false bottom of the rubber box, the boards 
ccc (Figs. 40 and 41), which are 3^ in. wide and 1 in. thick, 
and of the same length as the box, are laid in at right angles 
to the motion of the frame, and have a space of 4 
in. between them. On top of these boards are Cl 
placed, broadside upwards, the plates or dies, b b, 
which are i£in. in thickness. Between the edges 
of the plates a space of 3 in. is left. The spaces, 
c c, are filled with pieces of wood, which are set up ® 
endwise, and dressed to fit the false bottom plates. 

They are 2^ in. long, 4 in. wide, and from 6 to 
12 in. broad. For rubbing, this arrangement is 
found to answer better than a false bottom made of © r 
solid cast iron. The lower boards, e e , are intro- ^ 

duced to give a firmer fixture to the blocks, c c, 42 

when the iron false bottom plates, b, have become FalskBottom. 
partly worn. The plates are firmly secured by strips of wood, 
g g 9 1 in. thick, bolted to the sides of the rubber box, and 
fitting into the recesses,//, on both ends of the bottom plates. 

In Fig. 44 is shown the construction of the movable rubber 
frame. Both the iron and the wooden shoes, kk, which carry the 


amalgamated cop- 
per plates, fastened 
by iron clamps 
and bolts, are se- 
cured by two cast- 
iron frames, / /. 
Each of these 
frames is attached 



to a piece of tim- Fig * 

ber, g , as shown in the figure. The movable rubber frame is 
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attached by four wrought-iron rods, a a (Fig. 41) to a wooden 
frame, m m, which can be raised or lowered by means of two 
screws, supported on the main wooden frame. The main 
frame, which supports the rubber box and the movable rubber 
frame, is constructed of pine lumber 6 in. square. The ends 
of the bolt, which passes through the journals,/, form the pins 

to which the eccen- 
tric rod (Fig. 41) is 
attached. The num- 
ber of revolutions of 
the eccentric shaft 
is 55 per minute, 
Fig. 44.—Movahle Framk. and the length of 

the stroke of the rubber frame is 4 in. There is one rubber to 
every battery of 4 or 5 stamps. 

The sands after passing the rubber flow over the amal- 
gamated copper plates. These plates are 2 ft. 6 in. wide, and 
are made of soft copper and heavy material ; they are laid in 
wooden sluices, which have an inclination of £ in. to the foot. 
The sides of the latter are 3 in. high, and their length is from 
20 to 30 ft. Three inches per stamp is the usual width of the 
copper plate sluices. 

Amalgamated Copper Plates. — Of course, the amalga- 
mated copper plates only catch the gold which is in a free 
state. The principal difficulty with which the millman has to 
contend is the discoloration of the surface of the plates by 
oxides and insoluble metallic salts, as it is necessary to keep 
the surface of the plates bright and free from film, which 
would prevent an easy and sure adhesion of the particles of 
gold and amalgam as the pulp passes over. A new plate is 
not considered in fit condition until it is capable of keeping 
bright without dressing for several hours. This condition is 
not usually attained until a firmly adhering layer of gold amal- 
gam has attached itself to the plate, and this does not generally 
take place till after the loss of much gold, labour, and time. 
Silver-plated and even gold-plated copper plates have been 
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tried, but they have not met with much favour, as they have 
proved either ineffectual or too expensive. 

In the preparation and care of amalgamated copper plates, 
in order that they may be put and kept in the most effective 
condition, and at the smallest expense, regard must be had (1) 
to the quality of the copper; (2) to the method of amalgamating 
the plate and of dressing it ; (3) to the purity of the mercury and 
of the water ; (4) to the character of the ore. The plate should 
be of the purest and softest copper, and free from dark, rough 
spots. The kind known to the trade as “ braziers* copper ” is 
the best material for selection. That which has been rolled 
with special care in order to make the surface smooth and hard 
will not be suitable, as a plate made from it would not absorb 
the quicksilver so well as the softer and therefore more porous 
copper. It is best, from the point of view of efficiency and 
durability, to select plates weighing not less than 3 lbs. per 
square foot It would be better even if they were thicker than 
this. For inside plates, copper two or three times as heavy as 
this should be used, so w that the plates may not be easily „bent or 
tom from their position. If possible, copper which has been an- 
nealed subsequently to the last rolling should be selected. If 
this cannot be had, then plates annealed by exposure to heat 
on their under side, sufficiently to ignite sawdust laid upon the 
upper side, will be the next best. This may be done over a 
blacksmith’s fire, but more conveniently over an open wood or 
charcoal fire. Every part of the plate should be subjected to 
the heat. This process will soften the plate, and make it more 
porous ; it will therefore be capable of retaining more quick- 
silver and amalgam than it otherwise would. As the efficiency 
of copper plates is in proportion to their ability to hold quick- 
silver, this point should receive careful attention. 

The plate is straightened by laying it on a table and using a 
wooden block and hammer. The hammer should not be struck 
directly on to the plate, but the block interposed so that the 
face of the copper may be compressed or drawn into shape. 
The plate should then be fastened to the table with iron screws 
— or, preferably, copper nails—' long enough to clinch on the 
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under side of the table. In either case, the heads of the screws 
or nails should be flush with the face of the plate. Brass 
screws should not be used, as the quicksilver soon penetrates 
the heads and makes them brittle, and thus destroys their 
capacity to hold. The minor inequalities of the surface of the 
plate may then be removed by the block and hammer. 

The plate should next be scoured with wood ashes and fine 
sand or tailings applied with a scrubbing brush or coarse rag. 
In case of bad spots, the scouring should be done by means of 
the end of a small block of wood. The scouring must be con- 
tinued until the coating or oxide is entirely removed, and the ; 
bright, metallic copper exposed. Caustic soda, concentrated \ 
lye, or sal soda, may be used instead of ashes, to remove traces jj 
of oil or grease resulting from the action of alkalies. After ( 
washing with clean water, a solution of cyanide of potassium— ■ 
say, half-an-ounce of cyanide to a pint of water — should be \ 
applied with a soft brush or swab. 4 

To amalgamate the plate, a mixture of fine sand or tailings 
and powdered sal ammoniac, in equal paVts, with a small 
quantity of quicksilver sprinkled in, may be used. 

This mixture is applied with the scrubbing brush, and the 
scrubbing continued until all parts of the plate are amal- 
gamated. As much quicksilver as the plate will absorb should 
be sprinkled on to the plate during the operation, with water 
enough to make a thick mud of the mixture. I have used lime 
with the mixture, but I cannot say that the addition gives any 
special value to it. It is certainly unpleasant, inasmuch as 
ammonia is set free in great quantities. The mixture must re- 
main on the plate for an hour or so, and then be washed off by 5 
means of clean water and a brush, which should be followed by; 
a soft brush and cyanide solution, adding quicksilver if the 
plate will hold it. By continuing this treatment for three or 
four rounds, the plate will be found to have taken up as much 
quicksilver as it would ordinarily after many weeks* running. If 
fine gold amalgam can be spared, it is well at this stage to rub ■ 
some upon the plate, using a cloth rubber wetted with a solu- i 
tion of sal ammoniac, in the proportion of four ounces to a pint 
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of water. If the amalgam be heated and rubbed in a Wedge- 
wood mortar, so as to insure the solution of the gold, it will be 
found to attach itself more readily to the plate. 

Silver-plated Copper Plates. — These plates (which I 
have used with excellent results) are in favour with some mill- 
men, especially when starting a new mill, as the silver amalgam 
will have more affinity for the gold than a copper plate simply 
coated with mercury; but there is nothing better than old 
plates, when once thoroughly “ soaked ” with gold. 

The silver amalgam maybe made as follows: Dissolve a 
piece of silver — coin will answer the purpose — in the smallest 
quantity possible of dilute nitric acid. Heat will be found to 
hasten the solution. Dissolve the resulting crystals of nitrate 
of silver in water, and pour into the vessel enough quicksilver 
to reduce and amalgamate the silver in the solution. This pro- 
cess is completed in a few hours. Wash the amalgam with 
cjjean water to remove any traces .of nitrate of mercury, and then 
f|fain it to remove any surplus quicksilver. This will leave in 
.The cloth a pasty amalgam of very pure and finely divided 
silver, which should be used as directed for the gold amalgam. 

The rationale of this treatment may be stated as follows : — 
'phe first scouring removes oxide and grease, and exposes the 
bright metal, which by annealing has been, by virtue of its 
porosity, rendered capable of holding a comparatively large 
quantity of quicksilver and amalgam. The sal ammoniac, 
•through dissolving the oxides, assists the amalgamation by pre- 
serving a bright surface to the plate, and thus allowing the 
quicksilver and amalgam to penetrate the copper, filling the 
tfjittnutest interstices, and combining with it in atomic propor- 
tions. The result is the production of an alloy of copper, 
yjgjold, and quicksilver. The air, water, and the various salts 
being thus kept from acting directly upon the copper, and 
formation of oxide and carbonate of copper is avoided, 
s is accomplished in a longer or shorter period which 
tends upon the mode of preparation and the richness of the 
and also the ease with which the gold in the ore may be 
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amalgamated. It is probable that the galvanic current arising 
from the contact of the two dissimilar metals plays an impor- 
tant part in the chemical reactions and the amalgamation of 
the gold, but its real action is not definitely known. 

The main point in the work of preparation is to effect a 
quick union, in proper quantities, of the gold and the quick- 
silver with the copper. If this union takes place slowly, loss 
of gold, which is unavoidable, makes the expense much greater 
than would be the case if the process were assisted by a need- 
ful amount of amalgam, before running the ore over the plate. 
If a section of an old well-used plate be examined, the amalgam 
will be found to have penetrated perhaps half-way, and in some 
cases even completely through the copper. 

After scouring the plate well with some sandstone, and 
subsequently rubbing it with a solution of sulphate of copper, 
the copper will also be in a condition to take up the quick-, 
silver. : 

Corrosive sublimate, nitrate of mercury, sulphuric acid, affed, 
common salt, muriatic acid, sodium amalgam, cyanide 0; 
potassium, and other acids and salts, have all been usedSni 
amalgamating copper ; but though amalgamation may $$ 
accomplished by them in some cases quite easily, yet the plif£; 
cannot be brought by them to a good working condition S6 
soon, even if at all, as by the method I have described. W y ; 

The subsequent treatment of the plates, amalgamated 
the manner described, should be varied to suit the chara^. 
ter and quality of ore and the purity of the water. Wa 
containing carbonic acid discolours the plate, forming an ing; 
soluble coating of carbonate of copper. Though this coating 
is but a very thin film, it is nevertheless sufficient to preve^ 
the adhesion of the gold and amalgam, unless these latter 
in particles large enough to break through the coating, 
worst form of discoloration arises from the action of i 
of iron and copper present in the ores, arising from 
decomposition of the pyrites. The addition of lime to 
water in the battery, as much as will dissolve therein, will 
found to neutralise the carbonic acid and decompose the 
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phates. It may be necessary to add lime to the ore, so as to 
furnish sufficient to react on all the sulphates. 

Dressing the Plates. — When the mill is in operation, the 
plates should be dressed every six hours, or oftener, if they 
are discoloured. After washing them with a stream of clear 
water, a solution of sal ammoniac should be applied with a 
small brush. The sal ammoniac should be allowed to remain on 
the plate for a few minutes, and the plate afterwards washed 
with clear water. Then, with a brush, enough of the solu- 
tion of cyanide of potassium must be applied to brighten 
the plate. The plate should have upon it as much quick- 
silver as it will hold, which should not gather in drops or 
run off. 

The quicksilver should be entirely free from base metals, 
such as lead, zinc, tin, and copper. Of course, the presence 
of gold and silver is desirable. 

Chemicals. — The following are the chemicals it is neces- 
sary to keep at tlie mill: — Fused cyanide of potassium; sal 
ammoniac; caustic, or unslacked lime; caustic soda or con- 
centrated lye ; and nitric acid. 

III. — The Process of Amalgamation. 

Operation of the Mill. — The stamping process is not 
so simple as would appear at first sight. The form of mortar, 
the mode of exit for the stuff, the weight and rapidity of the 
pestles, and the quantity of water employed, must be varied 
to suit the manner in which the particles of gold are dis- 
tributed through the mass, as well as the structure and 
character of the ore and of the matrix. Fine reduction is 
by no means always desirable, for if some kinds of stuff be 
reduced too fine, much of the ore contained in it will be 
wasted. Considerable judgment is therefore necessary in 
selecting the screen best suited to the material which has to be 
reduced. 

The rock is delivered from the mine in cars, each contain* 
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ing, say, 13 cubic feet, and weighing 1,300 lbs., in front of 
the rock-breaker. At custom mills the quartz is delivered in 
waggons, the crushing being paid for by the load, which con- 
sists of about 35 cubic feet, and weighs, including moisture, 
3,500 lbs. 

As a rule heavy stamps are more effective in the quantity of 
ore they crush than light ones. The stamps and the lift must 
both bear some relation to the hardness or the softness of the 
ore. Other circumstances, however, have also to betaken into 
consideration. In California, especially, where a hard, flinty 
quartz occurs, there are many mills with from 800 to goo 
pound stamps, and with a lift of from twelve to fifteen 
inches. For fine crushing a high lift light stamp (say from 
600 to 700 pounds) and a deep mortar are used. For coarse 
crushing it is found better to have heavier stamps, less lift, a 
shallow mortar, and more speed. 

The capacity of a stamp mill is calculated by multiply- 
ing the weight of the stamp with the fall in feet and with the 
number of drops per minute, giving as the result in force per 
minute exactly the number of foot pounds exerted by each 
stamp. Dividing by 33,000 — the number of foot pounds per 
minute in one horse-power — we have the horse-power per stamp, 
from which the effective power of the whole mill may be 
obtained. Dividing the amount of rock crushed daily by the 
effective horse-power will give us the daily amount per horse- 
power ; and this is the best measure that can be obtained for 
the effectiveness of the stamps. 

The object of crushing being to liberate the fine particles 
of gold contained in the quartz, so that they may be col- 
lected by the copper plates and blankets outside the battery 
for amalgamation, it is desirable that the crushing be fine. In 
this process quick crushing does not interfere with the saving 
of the gold, as it is collected and amalgamated outside the 
battery after crushing. It is this feature which distinguishes 
the blanket process from that of amalgamation in the battery 
during crushing. 
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The feeding of the battery should be so regulated that there 
shall not be at the end of any drop more than two inches of sand 
between the die and the shoe. A good feeder generally knows 
the requirement of the battery by the clear or dull sound pro- 
duced by the stamp stroke. 

A battery of 20 stamps weighing 850 lbs. per stamp, with 
61 drops of 10 inches per minute, crushes, without the aid of 
a rock-breaker, 40 tons of quartz in twenty-four hours ; while a 
battery of 20 stamps, weighing 700 lbs. per stamp, with 68 drops 
of 10 inches per minute, crushes 32 tons of the same rock; a 
No. 6 screen being used in both cases. 

The power necessary to execute the work of the heavier as 
compared with the lighter stamps is as 850 x 61 : 700 x 68, 
and the work expected from them would be 35 tons for the 
heavier and 32 for the lighter stamps. The former, however, 
crush 40 tons, which is an additional quantity of over 5 tons 
in favour of the heavy stamps. When the rock-breaker is used, 
the proportional result is almost the same. The limit of weight 
has never been experimentally determined, though stamps are 
satisfactorily employed weighing over 900 lbs., and having a 
drop of ten inches. These results are on rock of the average 
hardness. 

The quantity of rock crushed depends, of course, very 
much on the nature of the ore, the weight of stamp, the speed, 
the screens, &c. A 700-pound stamp will crush, at a speed of 
seventy-five blows per minute, using No. 4 or No. 5 screens, 
from one to three tons in twenty-four hours. 

A slow motion of the stamp will produce more floating stuff 
and will crush finer than a rapid motion, because, in the case 
of a quick falling of the stamps, the small particles of ore are 
not allowed sufficient time to fall under the shoe, and are there- 
fore carried out ; while with a slow motion many grains which 
could pass the screen slide under the stamp, and are there 
pulverised finer than required. Although it is evident that a 
high speed will crush more stuff in a given time, yet there is a 
limit which the speed should never exceed. The stamp should 
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fall on the ore with its full force, and the revolving stamp 
should have time to finish its motion. A quick or sudden 
blow is less effective, while at the same time there is the danger 
of a tappet being caught by a cam. The speed is excessive if 
it exceeds seventy-five blows per minute. 

The rate of speed should be regulated according to the 
character of the ore. There are instances where, upon an 
increase of speed, the yield of gold per ton fell off ; and 
practical trials alone, therefore, should determine *the rate of 
speed in each mill. The rapid running of the stamps, and 
consequent augmentation of product crushed, causes greater 
agitation within the battery box, and requires a larger supply 
of water to clear the discharge and carry away the increased 
amount of pulp. The excess of agitation in the battery may 
prevent the accumulation of gold on the interior plates, and 
the excess of current on the aprons may prevent the accumula- 
tion of gold there. These objections are mpst plausible when 
the gold is most finely divided in the quartz. 

Professor Raymond has the following observations on this 
subject:* “The conditions most favourable to economical 
crushing must be partly sacrificed to secure efficient amalgama- 
tion. The attempt to catch the greater part of the gold on the 
interior plates interferes directly with the efficiency of the 
stamps. The success of the amalgamation at this point is in 
inverse proportion to the success of the crushing and discharge. 
There is a certain advantage gained in the force with which the 
pulp is dashed against the plates ; but this force is liable to 
overdo, and thus undo, its own work, and actually remove the 
adhering amalgam. The same effect can be more completely 
secured outside of the battery.” 

My aim in crushing has always been to collect as much 
gold inside the mortar as possible, that being the best place to 
collect and keep it safely, even at the sacrifice of crushing 
less rock per day ; and I have always endeavoured to get the 
highest percentage of assay from the rock rather than to pul- 
* Official Report on Mines and Mining. 
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verise as much rock as possible, or to make up the average 
daily production by an increase in the quantity crushed. The 
conditions for collecting the gold when once outside the mortar 
are not as favourable as they are inside the mortar, as the pulp 
is swept over a small, steep, and smooth surface of amalgamated 
copper plates ; and even when arranged in steps or drops, the 
chances are that a large percentage of the gold will be swept 
away. 

In another passage, Mr. Raymond sums up his views as 
follows: “ (1.) The stamp-mill is the most convenient and 
practically efficient machine for crushing quartz thus far intro- 
duced and proved by experience. It involves little waste of 
power in gearing; it delivers its power in the most direct and 
practical manner, namely, by blows, which take advantage of 
the brittleness of the rock, instead of pressure or friction, which 
invites the resistance of hardness; its capacities for charging 
and discharging are ample and easily regulated, both as to 
quantity and as to # fineness of the product; it is subject to few 
and comparatively inexpensive repairs, and it can be repaired, 
in most cases, without complete stoppage. These and other 
excellent features in its construction and operation render it 
especially suitable for use in mining districts remote from 
machine shops, foundries, and centres of skilled labour. 

“(2.) To obtain the best results, stamp-batteries should be 
built and run to secure the highest efficiency and economy in 
crushing only, without reference to amalgamation. The amal- 
gamating apparatus should be adapted to the batteries, not the 
latter to the former. If interior plates are employed they 
should not be expected to catch the greater part of the gold, 
nor should the pulp escaping through the screens be swiftly 
and carelessly manipulated, when a little extra space and time 
devoted to it, almost without extra labour, would avoid 
much loss. 

“(3.) The efficiency of the stamp may be described as the 
product of three factors — weight, fall, and speed. The efficiency 
of a battery of stamps involves a co-efficient — the discharge. 

“ (4*) When the fineness of crushing is regulated by screens, 
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the discharge should be as large as practicable. There may be 
mechanical objections to continuous screens running around 
the whole battery ; but there are, I think, no valid arguments 
against the double discharge, in front and rear, when the 
battery is properly planned with reference to it. 

“(5.) Of the three factors of the efficiency of the stamp, 
the weight and fall determine the force of the blows at longer 
intervals. The blow must be heavy enough to crush the rock 
upon which it falls. If too heavy, it may waste power in 
packing the crushed rock; if too light, it may fail* to crush, 
and so may pack. Finally, the speed should not be so great 
as to prevent proper clearance, or the stamp may strike a 
second blow upon the rock already crushed. 

“(7.) The efficiency of a blow from a heavy stamp with 
short drop is less than that of an equal blow in foot pounds 
given by a lighter stamp with longer drop, because the longer 
drop gives greater final velocity to the stamp, and this tends to 
crush more and to pack less. 

“(8.) The superior effectiveness of frequent blows lies in 
the fact that there is a limit to the amount of crushing which 
can be practically performed by a single impact upon a given 
quantity of rock distributed over a given surface. There is 
another practical advantage of high speed : if stamps are left, as 
it were, standing in the pulp between blows, the material settles 
around them and they ‘suck’ when the lift commences. A 
great deal of power is frequently wasted in this way, by not 
picking up the stamps before they become partially buried. 

“ (9.) But even if the efficiency of stamps were always 
exactly measured by the product of the three factors men- 
tioned — that is, by the number of foot pounds delivered per 
minute (which is certainly not the case)— there would still be 
good reason for preferring rapid running. After the neces- 
sary stability and strength are secured, increased weight of 
machinery is an evil. If equal results can be achieved by 
substituting speed for weight, the change is advisable.” 

The quantity of water for the battery depends upon the 
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quantity of sulphurets or black iron sands present in the quartz, 
and averages half a cubic foot per minute per stamp. It must, 
however, be sufficiently large to carry the crushed sands over 
the blankets without allowing them to permanently settle upon 
them — say, about 28 cubic ft. of water per cubic foot of rock 
crushed. For rock poor in gold the supply of water is in- 
creased, to increase the rate of working, so that the quantity 
amounts to 33 cubic ft. and upwards to one cubic foot of rock 
crushed. The foregoing proportions of 28 and 33 cubic ft. 
to 1 represent weights of the cubic foot of rock crushed, of 
about 125 and 108 lbs. respectively. In winter the battery 
water should be somewhat warmed so as to prevent congelation. 
To have less inclination of the blanket and more water, is 
preferable to the opposite condition. 

Apron, Sluices, and. Blankets. — On leaving the mortar, 
where a preliminary amalgamation on copper plates frequently 
takes place, the slimes pass over an apron of amalgamated 
copper plates, and by this means a considerable quantity of the 
metal is removed and prevented from passing down the blanket 
sluices which immediately succeed the apron. The width of 
the sluices for the copper plates is usually 15 in. — or 3 in. 
per stamp ; and there ought to be two or three sets for each 
battery, so that during the cleaning of one set the stream can 
be turned on into the other set. The full width, therefore, of 
each copper apron per battery is 45 ins. 

The bottom edge of the lower screen holes when new is 
3 in. above the dies in the mortar. The water in the battery 
during the crushing has a wave motion along the screens. It is 
of the natural temperature while passing through the battery 
and over the blankets ; but later, when passing through the 
rubbers and copper plates, it becomes somewhat warmed by 
the influx of the hot water from the amalgamators. 

The slimes after leaving the sluices, m m 9 Fig. 5, which 
are covered with amalgamated copper plates, pass into sluices 
covered with blankets. There are three sets of these sluices 
for every 5-stamp battery, placed longitudinally. Each of the 
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sets consists of two sluices made of £-inch planed sugar pine 
boards, one io£ ft. long, the other 5^ ft., with a drop of 3$ in. 
between them. They are from 16 to 17 in. wide, with sides 
of 2 in. in the clear, and have an inclination of 1 in. to 2 in, to 
the foot. 

The upper sluice has two strong blankets, each 21 in. wide 
and 5J ft. long, the upper of which overlaps the lower about 
6 in. The lower sluice has only one blanket. 

The pulp flows over two of the three sets of blankets, the 
third being kept in reserve for use when washing either of the 
other blankets. The upper blankets, which catch the bulk of 
the gold, are washed every twenty minutes, the lower every two 
hours. The washing is performed in two tanks, which are used 
alternately. They are made of i£-in. planed pine boards, having 
a horizontal section of 3 by 4 ft., and tapering towards the 
bottom. They are 2 % ft. deep, and are provided with inclined 
shelves for the blankets, and plug holes for the discharge of 
water after the settling of the blanket washings. The water 
used in these tanks is warmed in a heater by the waste steam. 

The quantity of crushed sand passing over the blanket 
sluices of a 5-stamp battery ranges from 8 to 12 tons in 
twenty-four hours. The blanket washings, which consist of 
gold, sulphurets, iron, and quartz sand, vary considerably in 
weight with the percentage of the metallic contents of the 
rock. 

The quantity of slime passing per foot of sluice width is 
about 0*7 cubic ft. per minute, containing about 3*1 pounds 
of solid matter per cubic foot of water. The blanket con- 
centrations amount to about 2*5 per cent, of the original 
crushed ore, and have a specific gravity of perhaps 3*4. 

The accumulations from the blankets collected in the wash- 
boxes are introduced in front of the amalgamators, from which 
they are gradually swept into the amalgamators by a current of 
clean water having a temperature of from ioo° to 130° Fahr., 
or they are treated by pan amalgamation. 

The materials for the blankets is specially manufactured 
for the mill trade, and is shorn on the lower side, having the 
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nap on the upper. Its weight is eight-tenths of a pound per 
running yard. 

Water required for Gold Milling. — The quantity of 
water required to work gold ores by the wet battery process is 
generally estimated as follows : — 

For the boiler, 7^ gallons per horse-power per hour. 

For each stamp, 72 gallons per hour. 

For each pan, 120 gallons per hour. 

For each settler, 60 gallons per hour. 

If the water used in the battery, pans, and settlers be run 
into settling tanks, it can be re-used with a loss of about 
25 per cent. 

In making my calculations for the quantity of water required 
for a 30-stamp mill, I averaged the calculations as follows : — 
Half a cubic foot per stamp, per minute, equal to 30 cubic feet 
per hour; 30x24 hours makes 720 cubic feet per stamp, per 
day; 30 stampsX72o cubic feet makes 21,600 cubic feet 
water for the batferies. 

Calculating the boiler for 60 horse-power, water required : — 
One cubic foot per horse power per hour = 60 X 24 = 1,440 

Sixteen cubic feet per pan, per hour = 16 X 24 = 384 

Eight „ „ settler ,, = 8 X 24 = 192 

2,016 

For battery 21,600 

Total in cubic feet of water 23,616 

Taking it that the flow per miner’s inch under ordinary six- 
inch pressure gives 2,160 cubic feet in twenty-four hours, this 
would represent 11 miner’s inches; but it is safer to have a flow 
of 12 to 16 miner’s inches before venturing on the erection of a 
mill of such capacity, and it is better to take the maximum 
figure than the minimum. A stream or water supply ought 
never to be gauged in the wet season, but the minimum flow 
of the dry season should be ascertained. 

Amalgamation in the Battery. — In some mills amalga- 
mation is performed in the battery, which is supplied with 
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quicksilver for the purpose of taking up the gold when liberated 
by the crushing process. The quicksilver is usually introduced 
into the batteries in small quantities as may be necessary, having 
regard to the richness of the ore and the rapidity with which 
the amalgam is formed. The appearance of the latter as it 
issues from the battery is an indication of the quantity of 
quicksilver present. When the particles of amalgam are hard, 
dry, and dense, they indicate the absence of a sufficient quan- 
tity ; while fluidity of the particles indicates the presence of a 
sufficient quantity, or possibly a surplus of quicksilver may be 
inferred. The ends of the batteries are lined with amalga- 
mated copper plates, while another plate of the same cha- 
racter, about io or 12 in. wide, with a length the same as the 
inside of the battery, is so fixed in a frame that it may be intro- 
duced and secured behind the stamps in an inclined position. 
A similar plate, but narrower, is used on the discharge side of 
the battery. A portion of the amalgam, as it is formed in the 
battery and splashed against these plates, adheres to the amalga- 
mated surfaces and is retained by them. The batteries and 
plates are cleaned at stated intervals, which vary in length 
in different mills. 

A large portion of the total product is obtained by means of 
this contrivance, while the remainder is secured by other con- 
trivances — namely, aprons or tables, covered with amalgamated 
copper plates — outside the battery. The inclination of the 
tables is usually 1 in. for every 1 ft. in length, being variously 
determined by different mill-men. It depends, of course, on 
the quantity of water used and other conditions. From these 
tables the material passes as before stated over blanket sluices, 
or rubbers, amalgamators, and in more modern mills, into the 
concentrators or shaking tables, or such other contrivances as 
the character of the ores may require, for further treatment. 

When starting a new mill it is very difficult to obtain at 
once good results. The yield of the first crushing is very 
seldom satisfactory, and never comes up to expectation, 
as a fair per centage of the value of the ore is not obtained. 
A variable and sometimes large amount of gold must be ab- 
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sorbed by and remain upon the amalgamating plates of a 
new mill, and this item alone may considerably diminish the 
amount of gold obtained from the first run ; but above all, the 
copper plates have to assume a proper working condition 
before they will do effectual work, and this takes several weeks, 
and sometimes months, as Californian experience has shown. 

When starting a new mill it is always advisable, for the first 
twenty-four hours, to pass through the battery poor ores or 
waste, so as to fill up all the interstices and crevices in and 
around the dies and all other machinery through which the 
pulp has to pass, and the richer ores ought not to be crushed 
until the copper plates and mercury are in proper condition, 
so as to avoid a waste of precious metal. 

The process of amalgamation in the battery is as follows : 
Quicksilver is introduced through the charging slit (n, Fig. 5) 
from time to time, generally once in two hours, and in quan- 
tities dependent f upon the richness of the ore. Care is taken 
to distribute it as evenly as possible under the stamps. The 
quantity of the quicksilver employed is, on the average, twice 
as much as is afterwards recovered in the amalgam, the amount 
lost in milling being one-twentieth of a pound, and some- 
times more, per ton of rock crushed. 

The quicksilver, being finely divided by the stamps, acquires 
the opportunity to coat or amalgamate the particles of gold. 
This fine division of the mercury is proved by the fact that 
two-thirds of the quantity charged generally escapes in the 
battery slimes. Through the violent motion of the battery water 
produced by the fall of the stamps, the particles of gold 
amalgam or quicksilver are carried with the pulp upon the 
copper plates, to which they have an opportunity to adhere. 
The quicksilver which escapes through the screens is thinly fluid, 
and contains but a small percentage of gold, while the amalgam 
of the plates inside the battery is either a pasty or hard layer; 
that which is thrown out of the screens generally contains some 
gold, and catches on the outside plates, where it gathers more 
and more gold, and grows stiff er and harder in consistency. 
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The movement of the pulp in the battery consists in alter- 
nate rising above and falling below the inner plates, combined 
with wave motions longitudinally along the battery box. Out- 
side, the pulp streams with uniform velocity over the inclined 
table — a movement which does not, like that within the battery, 
present moments of rest favourable to the deposition of the 
gold. The only place where this is at all the case on the outer 
plates is the upper end of the apron, upon which the discharge 
falls from a height of several inches, the plates being arranged 
in several steps or drops. It is a great mistake to haveone flat 
uniform inclined apron of copper plates in front of the batter/. 
The more steps there are, the better for a successful amalgama- 
tion. Over the smooth plates the stream of water carries the 
small particles of gold along, and not being able to reach the 
bottom and adhere to the plates they are lost. It is therefore 
important to catch as much gold as possible inside the battery. 

It is obvious that most of the coarse gold will settle in the 
mortar and remain sticking to the inner plates ; while the fine 
gold, on the other hand, is lifted from the bottom immediately 
after being set free from the ore, and is held in suspension, 
together with the particles of amalgam, by the battery water, 
until it is caught on one of the inside plates, or is discharged 
through the sieve. 

While the substances are thus floating about, it is difficult 
on account of the thinness of the pulp to unite the particles of 
gold and quicksilver; and this explains the fact that the quick- 
silver which escapes through the screens contains little gold. 

With a copper apron having an inclination of io° and a 
width of ten to twelve inches per stamp, one-fourth of a 
cubic foot of pulp would be passing over it every minute. The 
discharge moves over them in a very thin layer, which moves 
much more swiftly on the surface than on the bottom. Such 
particles of the gold and amalgam as sink with the larger and 
heavier pieces of ore to the bottom slide or roll slowly along, 
and have opportunity to adhere ; but smaller particles are 
swept along by the more rapid surface current of the watery 
sheet of pulp, without being able to reach the bottom. To 
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this latter class belong the greater part of the gold, especially 
of that which escapes through the sieves, and almost all the 
particles of quicksilver and amalgam. Moreover, the absolute 
quantity of gold which can come in contact with the outer 
plates is less than that which may touch the inner plates, 
by the amount retained upon the latter. For all these reasons, 
the inner plates must furnish the greater part of the gold ob- 
tained in the mill. 

It should be added, further, that coarse gold will either not 
at all, or very seldom, be lifted up to the discharge level inside 
of the mortar, unless it remains under the stamp and becomes 
pounded into such a shape as not to longer withstand by its 
gravity the swash of the battery water, or becomes amalga- 
mated. It may thus become reduced into fine particles and 
be discharged. Coarse gold, at all events, stands a good chance 
$9 remain inside the battery or to be thrown against the 
^Jpjer copper plates and stick there ; whereas fine gold will be 
(llown on to the outer plates, where conditions for amalga- 
mation are not so* favourable as inside the battery. 

The gold which has not been liberated during the crushing, 
bftt remains in the rock, evidently becomes a loss, as it will 
flow over the outside aprons to find its way to the tailing pit. 

Conditions of a Good Result from Amalgamation. — 
pftiese may be stated as follows : — 

(i.) Very fine stamping if the gold is very fine. 
f (2.) A coating of gold amalgam on the copper plates. No 
ipalgam should be removed until a hard layer of it has been 
™fcmed on the plates. 

(3.) The use of a proper quantity of water; too much will 

S uit in a coarse crushing, a less complete mechanical expo- 
e of the fine gold, less contact of the gold and quicksilver, 
a premature sweeping off of both. The addition of too 
IpBldi quicksilver, though causing the formation of more 
jj^algam, will only lead to its being swept away by the current 

(4O Proper temperature of the battery water. The water 
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ought neither to be too cold nor too hot : 90° to 1 io° Fahr. is the 
best, if by artificial means it can be raised to it. 

(5.) The addition of quicksilver in proper quantity. This 
condition should be closely studied in each mill. There is 
always a considerable loss of quicksilver. The quicksilver 
when introduced in the battery is finely divided by the stamps 
and thus affords an opportunity for the amalgamation of the 
fine pai tides of gold. By the violent motion of the watet in 
the battery, produced by the fall of the stamps, particles of 
gold, amalgam, and quicksilver are carried with the pidD tn the 
copper plates, to which they adhere. 

(6.) Proper height of the charge in the mortar. 
should not be allowed to rise higher than about three 
below the lower edge of the inner plates. If the quarts n&d 
pulp in the battery come nearer the plates, too much stuff, 
which is also too coarse, is thrown upon them, thus 
preventing the accumulation of amalgam or displacing it m T 
collection. 

(7.) Regular feeding. 

(8.) Care in keeping the plates clean. 

(9.) Caie in the mill against the introduction of greasi#^ 
greasy substances, and against the use of exhaust ste&tn %j| 
heating water required in any of the amalgamating prouqlM 
lnlubncating the cam shaft, journals, cams, tappets, ora 
portions round the batteries, care must be taken not 
any lubricant into the mortar. 

(10.) Rejection of hydrated oxidised iron ores, silica$ 4 j^ 
magnesia, and alumina ores : they cause a frothing of the 
and coat the gold with a slime which resists amalgamation. 

(1 1.) Avoidance of mineral waters for battery amalgaraat|to| 
especially if they contain sulphur in the shape of sulphttreti§l 
hydrogen, as a coating will be formed on the gold partide? 
which prevents amalgamation. 

(12.) Care that the amalgam on the copper plates is not 
allowed to get too hard, as it may fail to catch the gold. If it 
be noticed, therefore, that the amalgam is getting too hard, it 
will be well to sprinkle through chamois cloth some globules 
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of quicksilver over the amalgam. If, however, it becomes too 
soft again, there is danger of “ flouring ” and losing it, with 
some of the gold. 

(13.) A dilute solution of cyanide of potassium should 
always be kept at hand, and when yellow spots appear on the 
plate some of the solution should be poured over it. If this 
does not remove a spot, hold a lump of the cyanide over it, or 
rub it, which will have the desired effect. 

(14.) If the ores contain soluble sulphates, arising from 
the decomposition of iron or copper pyrites, the addition of 
lime will prove beneficial while they are being passed through 
the battery. 

(15.) When treating gold ores containing manganese, it is 
necessary to clean the plates of its adhering amalgam at least 
once a week and give them a fresh coating of quicksilver. 

(16.) It will be found that in many cases amalgamation can 
be promoted by discharging from the battery on to concentrators 
direct, which will collect all the heavy mineral particles which 
interfere in the ordinary amalgamating process, and submitting 
the concentrates to separate treatment. The overflow or tailings 
which pass the concentrators, if carried over copper plates, will 
give up the gold easily now, in case any fine particles have 
escaped the concentrating process, as the ore has undergone 
a cleaning process in the separation of the sulphuretted ores, 
which naturally interfere with copper-plate amalgamation. . If 
the concentrations are submitted to treatment in grinding pans, 
the tailings from the settler ought to be run over slime tables 
to collect any escaping mineral particles of value. 

(17.) When treating heavy pyritic ores, it will be found advan- 
tageous to have an iron pipe with little holes, discharging on 
the outside copper plates a fine, gentle shower of water, so as 
to assist the carrying off of the heavy sulphurets, which would 
cover the plates over and prevent the free gold coming in 
contact with them. 

In the next chapter will be found details of information on 
| several matters connected with the working of the processes 
|yith which the present chapter has been concerned. 

G 
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TREATMENT OF GOLD-BEARING ORES : CRUSHING AND 
AMAL GAMA TION — continued. 

Cleaning the Mill — Cleansing the Quicksilver — Sodium Amalgam — 
Retorting the Amalgamated Metals — Workmen in the Mill and their 
Duties — Wear and Tear of a Mill and Cost of Milling — Results of 
the Mill Process — Loss in Milling — Mr. Paul on Waste of Gold in 
Amalgamation — Checking the Mill Returns — Mr. Skey on the Absorp- 
tion of Sulphur by Gold — Conditions of Successful Working of a Gold 
Mine — Amalgamation ofj Concentrated Sulphur, &c. — Iron Battery 
Frames — Illustrations and Specifications of Batteries. 

Cleaning the Mill. — The mill is cleaned every week. All 
the contrivances for amalgamating are usually cleaned every 
week, while the battery gold is removed once every few weeks, 
and on that day the mill is stopped for repairs. After removing 
the skimmings which float on the quicksilver baths of the amal- 
gamators, the quicksilver is scooped out of the trough into a 
bucket and the amalgam taken up. The amalgam forms a layer 
at the bottom of the trough in the Attwood amalgamator, or 
at the bottom of the Hydrogen amalgamator. The upper trough 
contains 95 per cent, of amalgam in the apparatus. In order to 
free the amalgam from impurities, which consist principally of 
sulphides of iron, copper, and lead, precipitated with the sinking 
gold, it is worked by hand in a bath of quicksilver. The small 
lumps of amalgam are broken, and the impurities floating on 
the quicksilver removed by means of a cloth. After thorough 
cleaning, the quicksilver charged with the amalgam is pressed 
through a strong thick piece of canvas, and the remaining 
amalgam formed into balls of about 2 \ in. diameter, weighing 
about thirty-five ounces each. 

The quicksilver which has been removed from the amalgam 
in the troughs is allowed, unless a final clean-up is desired, to 
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flow back again into the troughs without being filtered through 
canvas. The quicksilver only contains a small amount of 
amalgam. The quantity of quicksilver in the trough of the 
Attwood amalgamators is about 700 lbs. 

The riffles are cleaned in a similar manner to the amal- 
gamators. The amalgam is first removed by passing a small 
scoop slowly and closely to the bottom, and thus allowing the 
quicksilver to escape at the sides. The skimmings from the 
surface of the riffles are added to those of the amalgamators 
for treatment in the pan. 

The amalgam on the copper plates is removed by means of 
a dull chisel, which operation must be carefully performed so 
as not to expose the copper. When the amalgam is removed, 
quicksilver is sprinkled on the plates and spread over it by 
means of a piece of rubber belting. The surface is finally 
| washed with clean water. 

The amalgam from the copper plates is freed from impuri- 
ties by rubbing it in an iron mortar, with the addition thereto 

quicksilver, while a current of water kept flowing into the 

I mortar carries off the impurities. In larger establishments, this 
operation is usually carried out in a small clean-up pan. 

The scum, sand, sulphurets, &c., removed from the amal- 

I gam by washing, are treated in the amalgamating pan with the 
skimmings. 

In cleaning the battery, the stamps are removed from the 
[mortar by means of a block and tackle. The corner die, pro- 
vided near the foot of the cylindrical body with a wedge- 
haped recess for the introduction of the crowbar, is taken out 
All the casings are removed in the same way. Dies and 
sings are raised and taken out of the battery. The battery 
pen cleaned and the sands washed by passing through a 
ve, having eighty-one to one hundred holes per square inch, 
to a wooden hopper, through which they are discharged into 

( wooden sluice box; 6 in. wide and 6 ft. long. This latter is 
bvided with three or four riffle boards which catch the par- 
ses of gold. The sluice has an inclination of 1! in. to the 
Dt. The coarse sands from the sieve, after removing the iron 
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by hand or by a magnet, are returned to the battery, while the 
finer sands which passed through the sieve are treated in the 
amalgamating pan ; but if of a poor quality these also go back 
to the battery. The gold taken out of the riffles is freed from 
sand and iron by treatment in the pan and by the magnet, 
and is added to the amalgam. 

While the mortar is empty, any worn-out dies, casings, and 
shoes are replaced by new ones. Before the old shoes and dies 
are returned to the foundry for recasting they should be 
examined for gold, which is frequently found in the crevices. 

Cleaning the Quicksilver. — One of the essential condi- 
tions after a clean-up is made is to bring the quicksilver into 
an active, lively condition, and if possible to maintain it in this 
condition during the running of the mill. It takes very little 
to tarnish the quicksilver, and every mill-man has his own 
method of cleaning it. Some pour a little water on top of it, 
dissolve in it lumps of cyanide of potassium, and then stir up 
the quicksilver. Some use concentrated lye; others dilute 
sulphuric or nitric acid ; but if quicksilver gets very foul and 
dirty, I prefer distilling it in the retort, which insures success, 
although a little troublesome and expensive in fuel. 

Where electricity is obtainable for the purpose, the follow- 
ing method will work very effectively. Take a flat earthenware 
vessel, pour some sulphate of soda solution into it, and lay 
a long strip of lead across this vessel, in such a manner that it 
can be bent in the centre to plunge into the solution. Into 
this vessel place a semispherical non-glazed earthenware basin, 
large enough to fit the bottom vessel, and into this one pour 
the quicksilver with a little water. Put the positive wire in 
contact with the lead strip, which constitutes the anode, and 
the negative wire with the quicksilver. Evolution of hydrogen 
will take place, and the quicksilver will be seen to assume an 
active motion and agitation, with a brightening of the metal. 

Sodium Amalgam. — This preparation — the invention of 
Mr. William Crookes, F.R.S. — has proved to be a very excel- 
lent ingredient in keeping the mercury active, although it has 
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failed to accomplish the marvels which on its first introduction 
were anticipated from its use. Miners expected to extract the 
gold from iron pyrites, arseniurets, tellurides, by simply adding 
the sodium amalgam to the mercury in pan amalgamation, 
without roasting or any other chemical preparation. 

Mr. Crookes gives the following directions for its prepa* 
tion : — Amalgam A is a simple mixture of sodium and mer- 
cury in the proportion of 3 parts of sodium to 97 of mercury. 
The preparation of the mixture is as follows : Place a strong 
iron flask with a narrow neck nearly up to the mouth in sand 
on a sand bath kept at a temperature of about 300° F.; weigh 
out the mercury and sodium, put the former into the flask, and 
then add the sodium in pieces as large as a pea at a time, 
waiting for the action to cease before adding a fresh lump. 
The sodium had better be dropped in with a pair of tongs, and 
the hand should have a cloth over it. At each addition of the 
sodium a slight explosion is heard, and a bright flame will issue 
from the mouth of-the flask. The action gets less violent as 
the mercury becomes richer in sodium. When the whole of 
the sodium has been added, pour the amalgam into a flat dish 
whilst still liquid, and when cold break it up and preserve in a 
stoppered jar. It will not require to be kept under naphtha. 
The amalgam forms a mass of long, needle-shaped, brilliantly 
metallic crystals, which interlace in every direction, but have 
very little cohesion. Amalgam B and C are specially prepared 
with an addition of zinc. 

The inventor recommends the use of amalgam A in coarse 
powder. By sprinkling it over the wetted surface to be amalga- 
mated, then rubbing it over with a little clean mercury, a firmly 
adherent and brilliant coating of mercury will be given to the 
metal. Not only can copper be amalgamated in this way, but 
the same result is produced on galvanised iron, tin plate, or 
lead, and less perfectly on iron and steel. In all cases it is 
advisable to preserve the effective surface and the amalgamat- 
ing energy of the mercury on the metal plates by an occasional 
sprinkling of powdered amalgam A, applied from time to time 
as required. 
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I have found sodium amalgam very beneficial in pan 
amalgamation, as it has a tendency to keep the mercury bright 
and active. I never made comparative tests to ascertain 
whether by its use an increased yield of precious metal is ob- 
tained, but results published by eminent authorities indicate 
that a larger percentage has been obtained by adding the 
sodium amalgam to the mercury. 

The Use of the Retort. — Amalgamation being complete, 
another process becomes requisite for the separation of the 
quicksilver and the amalgamated metals. The*amalgam, 



Fig. 45.— Retort for Large Mills. 


which 'contains from 36 to 40 per cent, of gold bullion, is put 
in cast-iron cylinders or retorts. The cylinders are supported 
by brickwork on flanges, and are placed almost horizontally, 
having only a slight inclination toward the rear end, which 
gives the quicksilver, condensed on the front cover, an op- 
portunity of flowing back to this end to be surrounded by 
the fire. The rim of the front plate or cover of the retort is 
provided with soft fine clay, and is firmly screwed to the rim of 
the retort by means of a clamp, so as to make it air tight. 
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Fig. 45 represents a style of retort used in large gold mills. 
The same contains three cups, having a tube in the centre for 
the escape of the quicksilver into the condenser bb, a a is 
the retort ; c c c are the cups,// are the central openings for 
the escape of the fumes ; gg is the fire-grate ; h h, wooden 
trough filled with water to collect the quicksilver ; n n, flues 
leading into chimney. 

A cylindrical horizontal retort of about 11 in. in dia- 
meter and 4 ft. 7 in. long will hold five trays, having a capa- 
city to hold 1,350 ozs. of amalgam. The fire-grate necessary 
for a retort of this size measures 1 by 2 ft., with a chimney 4 by 
8 in. in section. The quicksilver condenses in an iron pipe 
which is surrounded by cold water. The pipe is attached at 
the rear end near the top of the retort, and descends into a 
water basin. The heat, which is generated by wood in the 
grate under the front of the retort, passes through a return flue 
over the same into the chimney placed over the front of the 
retort. When th£ retort has been at a cherry-red heat for two 
hours, the retorting is considered complete. The time for 
this process, which varies with the quantity of amalgam in the 


retort, is from four to 
six hours, commencing 
with a cold furnace. 
After giving the retort 
time to become properly 
cooled, the front plate 
is removed. The gold 
bullion consists of a 
somewhat porous mass, 
and when cleaned has a 
bright yellow surface. 
It still contains a small 
amount of quicksilver, 
and a few sulphides. 



Fig. 46.— Retort for Small Mills. 


Fig. 46 shows a small retort, such as generally used in small 
mills, by gold miners in general. The cover and retort are 
turned and ground to fit each other perfectly. The bale is 
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of wrought iron, and takes hold under the flange on the retort ; 
the wedge is then driven in between the cover and bale, 
making a secure and perfect joint. 

The bullion is melted in black-lead crucibles, placed in 
air furnaces, usually 16 in. deep and the same in diameter, 
by means of charcoal. The fluxes chiefly used are carbonate 
of soda, borax, saltpetre, and sand. The loss in melting the 
bullion is i to i£ per cent. The bars are from 700 to 940 
fine, and contain, in addition to the usual silver, small quan- 
tities of copper, lead, and iron.* 

Workmen in the Mill and their Duties. — One man is 
required at the rock-breaker during a io-hour shift, and he 
generally has an assistant to remove the rock. One man will 
be required to feed each 10-stamp battery if no self-feeders 
are used. One man to attend to the washing of the blankets, 
and also to regulate the quantity of water passing over the 
blankets, to watch the proper discharge of the sieves, and to 
feed the blanket washings to the amalgamators, and to regulate 
the flow of water through them. There ought to be one blanket 
washer to every five stamps. 

The attendance upon the amalgamating machinery devolves 
upon the amalgamator, who also prepares the screens, attends 
to the cleaning of worn-out shoes and dies, and various other 
minor duties in the retorting and melting department. 

When steam is the motor, two engineers attend to the 
engine and boilers of a large mill in 12-hour shifts. 

There is usually a night watchman. 

There is also a general manager of the works. 

Wear and Tear of a Mill and Cost of Milling. — 
In a well-managed mill accidents are of rare occurrence, 
but occasional breakages are unavoidable, considering the 
strong vibrations and jars to which all parts of the battery are 
subjected. Breakages are confined to the stems, the shoe 
shanks, and screens. The splitting of the tappet by wedging 
does not often occur. 

* See Chapter IX., on the Melting and Assaying of Gold. 
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The loss of quicksilver varies, but it is estimated to average 
1 lb. for every 30 tons of rock crushed. 

The wear of the blankets is over a yard a month. 

A 5-stamp battery requires on an average 13 sets of screens 
a year. A set consists of 5 sheets of from 1 to ij- square 
foot. 

To run a 30-stamp steam mill requires from 12 to 16 in. 
of water (miners measurement), i.e. the discharge of an aper- 
ture of 12 to 16 square in. under a 6-inch pressure measured 
from the centre of the aperture. The water is usually supplied 
by ditches at so much per inch (miner’s measurement). 

It takes 5 to 6 i cords of fire-wood to furnish the steam 
necessary for a 30-stamp mill. 

A good shoe lasts from twenty-one to forty-three days (on 
an average thirty-three days), and crushes 79 tons of rock. 
The wear is ii lbs. of iron per ton of rock. 

The die lasts on an average seven weeks, crushing 100 
tons. The wear is A lb. of iron per ton of rock. 

The stem generally breaks square across the fibres, near 
the upper face of the head, and lasts, without breaking, about 
sixty weeks, crushing 864 tons. When the irons are new and 
of fine quality the breakages are less frequent, occurring per- 
haps but once in a hundred and twenty weeks. Rewelding, 
including the necessary new iron, costs on an average some- 
thing over ^2. The stems as well as the cams last at least 
ten years. The battery linings last six months, and the tappets 
from two to three years. 

The dies of rock-breakers, weighing 250 lbs. each, last 
about three months. The wear is one-half of their original 
weight. 

The false pan bottoms last a year, and a set of four pan 
shoes three months. 

The cost of a complete mill, including engine and 
boiler, is usually estimated at $1,000 (or over ^200) per 
stamp. In a large mill having 2 o stamps this includes the 
concentrating and the chlorination works. 

The full cost of milling in a 30-stamp steam mill, the 
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stamps weighing 850 lbs. each, with sixty-one drops of 10 ins., 
and having a crushing capacity of 72 tons per day, is $2*04 
(or about 9s.), but this does not include the expense of con- 
centrating the tailings. 

In a smaller mill, having the same expense of engineers, 
the milling expenses are, of course, proportionately higher. 

Mr. Hague * gives the cost of crushing in a small mill as 
follows, for a ton of ore : — 


Labour 

s. 

• 5 

d. 

0 

Fuel 

• 4 

0 

Castings and ordinary repairs 

1 

5 

Quicksilver . 

0 

3 

Water, when purchased 

0 

10 

Total . 

. 11 

6 


Mr. Reichenecker* gives the cost of crushing in California 
per ton, as follows : — 


Labour 

s. 

.■ 3 

d. 

2 

Fuel and engineers 

7 

0 

Castings and ordinary repairs 

2 

O 

Quicksilver .... 

0 

6 

Sundries 

0 

4 

Total . 

• 13 

0 


Results of the Mill Process. — The gold realised by 
milling on copper plates from the battery is 60 per cent. ; from 
the amalgamators 1 5 per cent. ; and from the concentrates 
25 per cent. 

The fineness of crushing is as follows. The battery sands, 
crushed through a No. 6 slot screen, contain on an average — 
, (1.) Of slimes which remain suspended after a three minutes 1 
rest in still water, 19 per cent. They contain v/hen filtered 
the so-called “float gold,” and consist principally of the earthy 
matter, mixed originally with the quartz. 

(2.) Of slimes passing through a sieve of 6,400 holes per 
square inch (No. 1 excluded), 51 per cent. 

* Quoted by Professor Raymond in his Official Report on Mines and Mining. 
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(3.) Of sands passing through 1,600 holes per square inch 
(excluding 1 and 2), 23 per cent. 

(4.) Of sands not passing through 1,600 holes per square 
inch, 7 per cent. 

The blanket washings contain 78 per cent, passing through 
a sieve of 1,600 holes per square inch, and 36 per cent, pass- 
ing through 6,400 holes per square inch. 

The “ concentrates ” of the blankets contain, of course, a 
larger amount of heavy stuff. If the pulp discharges directly 
on to shaking tables or vanners, the amount of concentrates 
will depend on the character of the ore and the amount of 
sulphurets it contains. 

In some mills as much as 70 per cent, is saved of the gold 
contained in the rock, especially when crushing ores which 
contain two or three ounces of gold per ton, and particularly 
if the gold is coarse and bright ; but lower grade ores do not 
yield so much. 

• 

Loss of Gold in Milling. — The causes of loss of gold in 
milling (or the extraction of gold by copper-plate amalgamation) 
are manifold, and depend not only on the condition in which the 
gold exists in the rock, or on the minerals associated with it, 
but in many cases the earthy particles of the gangue exert a 
most detrimental influence in amalgamation and so cause heavy 
losses. 

There are talcose and aluminous ores which during crushing 
will be pulverized so fine that 7 5 per cent, of a sample will pass 
through a 100-mesh screen. The slimes produced during 
such a trituration have an effect on gold like grease, and 
the fine particles of gold which are held in suspension in the 
battery waters surrounded with such fine particles of clay 
and talc are bound to be lost, as they are swept over the 
copper plates without adhering to them. These ores are very 
difficult to manipulate, as no concentrator has yet been con- 
structed which will allow of the concentration of the mineral 
particles in such ores. Numerous lodes, also, are mineralised 
with sulphides, mostly so fine as to be invisible to the naked 
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eye; and in such rocks the gold is generally present in a 
fine impalpable condition, it may be as free gold combined 
with sulphides. It is under conditions like these that diffi- 
culties in the economical treatment of gold ores arise. 

One of the points to be closely watched and studied by the 
mill-man must be the conditions in which the gold exists in 
the rock. He may find one “ pay shoot ” richer in coarse 
gold than the other, and if he uses a 30-mesh screen for one 
he will do well to use a 40, 50, or 60-mesh for the other, as 
the screens must always be in proportion to the fineness of 
the gold particles. Liberation of the gold must be effected 
before it can become amalgamable with mercury, and as long 
as the silica surrounds the gold entirely it will prevent the 
precious metal from being attacked by the mercury. 

In many cases gold said to be “ rusty ” is the presumable 
cause of loss, and although I have seen rusty gold obtained 
from placer mining, very little rusty gold has come under my 
observation in quartz mines. The rustiness* of gold is caused 
by the coating of a metallic oxide whose nature is not exactly 
understood. 

It is advantageous to ascertain in every mill how much 
gold goes into the tailings, and the quantity of float carried 
away by the water. Of course all mill-men try to crush 
the largest quantity of rock in the shortest possible time, 
so as to get a large output of gold. This practice makes 
the ore too coarse to allow all the gold and silver to amal- 
gamate, as a portion may not be released from the gangue. 
It would be much better to get the output by a more careful 
sieving of the ore, not forcing the stamp to do the work of 
a Blake crusher, nor sending to the mortars any ore fine 
enough to pass the screens. This is a matter of some im- 
portance, for it has been found with all kinds of stamps which 
have screens that it takes just as long to get ore which has 
already passed the screens out of the mortar as it does to 
crush and force it out. Crushing too fine is also quite as 
bad a practice, as it produces “ float,” and is likely to put the 
precious metals in a condition in which they will not amalga- 
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mate. Even supposing that losses due to improper working do 
not exist, there are still a few causes of loss which, though not 
in every case amounting to much, were a source of consider- 
able loss in the early days. It has been found that holes in 
the castings of the stamps, pans, &c., attract the amalgam, and 
that it is even carried into holes deep in the interior of the 
piece. This was a source of profit in the early days to those who 
recovered the precious metals from the worn-out castings. 
Another loss may be incurred in cleaning the plates by taking 
off the amalgam too thoroughly. It is a well-known fact that 
new plates do not act so readily as old ones. As mentioned 
before, gold and silver will be attracted better by amalgam than 
by mercury. Too slow a current of water will keep the surface 
of the plates covered with a film of sand, while a too rapid 
current will prevent the gold being caught by the plates. 

If gold is attached to a piece of the gangue rock which is 
relatively large, the specific gravity may be so reduced as to 
prevent the particles coming in contact with the mercury. 

If the blankets are kept too long without washing, so that 
the hairs become charged, the fine particles of gold are lost. 

Even if these causes of loss are avoided there are still others ; 
for instance, if the mercury be not kept clean, or be not made 
so by chemicals, the " quick,*’ having an extremely thin film 
upon it, does not act upon the gold or silver. To some extent 
the same effect is produced when the rock is soapy, as is the 
case with the magnesian and aluminous rocks. If also there 
are too few amalgamating machines, or the sluices are too 
short, loss arises. 

A very important source of loss is the “ flouring ” of the mer- 
cury caused by rapid motion, or due to a too free use of chemicals, 
or the presence of base metals. 

Waste of Gold in Amalgamation. — There is an idea 
among the general public that gold is readily amalgamated, 
and that it is not necessary, therefore, to be so particular in its 
manipulation in the mill. How erroneous this impression is 
will be seen from the tests made by Mr. H. B. Paul, of San 
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Francisco, at some of the Californian gold mills. The follow- 
ing results * were arrived at : — 

Test No. i. — Average yield of ore in mill, $18*60 ; wastage 
after complete washing, including concentrating; silver, $3*14; 
gold, $10*04; total, $13*18. 

Test No. 2. — Same mill tailings 350 feet from mill : silver, 
$3*93 ; gold, 5*02; total, $8*95, showing that a percentage 
secreted itself in the passage down stream. 

Test No. 3. — Average yield of 150 tons, $3*50; assays of 
tailings carefully sampled : silver, $6*28; gold, $13*55; tota *> 
$18*83. 

The unsatisfactory results were occasioned by the extreme 
fineness of the gold, and even the above does not show the full 
wastage. A large amount of gold produced is in such fine 
particles that it will float on water, and hence its name — “ float 
gold.” 

In cleaning up the slum from a water-tank for supplying 
the battery, where the water was used over and over again in 
consequence of its scarcity, it was found that this slum — that 
is, the settlings of the very finest particles held in suspension 
by the battery water after the water had remained at rest in the 
tailing pit, whence it was pumped into this tank — yielded, by 
a rough amalgamation in a tub, $33 in silver, and $56 in gold. 

Another test, made from fifty pounds of tailings taken one 
mile below the mill, showed that they contained 55 per cent, 
of what was the average working of the mill. A test, made on 
1,500 lbs. of tailings, showed the loss in mill working to be 63 
per cent. 

The idea, therefore, that gold ores are readily amalgamated 
is, in truth, absurd. 

It must also be considered that a very small percentage of 
lead, copper, arsenic, or antimony, such as is found in most 
gold ores, will quickly vitiate the mercury, rendering it quite 
inefficient in collecting even the gold that otherwise, from 
gravity, might be taken up. This renders it necessary that the 
mercury should always be kept in a clean and active condition. 

* Quoted by Professor Raymond in his Report on Mines and Mining. 
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Checking the Mill Returns by Sampling and Assays. 
— It is a rather difficult matter to get an average assay of gold 
ores at the mill, for not only is the gold unevenly diffused 
throughout the rock, but considering that only half an ounce or 
one ounce is generally taken as the weight for an ore assay, a 
very small speck of gold more or less in the assay pulp will 
vitiate the result. At the best, therefore, only an approximate 
assay of the rock as delivered at the mill can be obtained when 
working. 

My method of sampling the ore was usually as follows : as 
the rock-breaker discharged the ore, I would place a cup, hold- 
ing about five pounds, every fifteen minutes under the discharge 
till full, and this would give 20 lbs. of sample in one hour, or 
480 to 500 lbs. in twenty-four hours. This ore I would 
spread out on the floor of a cleanly swept room, and make a 
square of it 12 x 12 feet; then every foot I would draw a line 
across with strings tied to nails driven into the floor, giving 
twelve imaginary divisions 1 foot wide by 12 feet long; 
then transversely across these lines I would draw twelve other 
strings one foot apart, which would then divide the ore layer 
into 144 one-foot squares. Each square was then carefully 
sampled by taking as near as possible one pound of ore out of 
it on the point of a shovel, giving a 144-pound sample, which 
in a separate grinding machine was reduced to pieces about 
the size of a pea. This reduced rock was again spread on a 
clean floor and divided into 144 one-foot squares, and from 
every square 4 ounces taken. The resulting 576 ounces 
were ground into a fine pulp, again divided on a large table 
into 144 squares, and a quarter of an ounce taken from each ; 
and from the resulting lot of 36 ounces — which should be 
the representative sample of the twenty-four hours’ crushing 
— the half-ounce assay was taken and tested. The quantity of 
rock being known which had been passed through the mill, it 
was easy to calculate the quantity of gold therein contained. 

Now attention had to be turned to the tailings which escape 
from the mill through the discharge launder. Every fifteen 
minutes I held an iron porcelain-glazed pot under the spout 
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till full, taking care not to let it overflow ; then I set it aside, 
and after fifteen minutes, before taking the next sample, I 
decanted — by preference with a syphon — the supernatant water, 
taking good care not to disturb the settled part, into a large 
wooden tub. This operation being repeated for twenty-four 
hours, the settlings in the pot were dried, sampled, and assayed. 
This was the tailing assay. Subtract the tailing assay from the 
o r , and the balance represented the quantity and value 
of 6 old which had been, or ought to have been, saved in 

the mill out of every ton. Very seldom did this prove to be 
correct, and if attention were now paid to the large tank con- 
taining the water poured off from the iron vessel, and this 
allowed to remain quiet for a day or two, then syphoned off, 
it would be found that the small amount of residue therein 
contained was rich in gold. This was the “ float gold,” the 
bugbear of mill-men and metallurgists. 

The Absorption of Sulphur by Gold. — Mr. William 
Skey, analyst to the Geological Survey of *New Zealand, has 
published an interesting paper on the absorption of sulphur by 
gold, and its effect in retarding amalgamation. While investi- 
gating the causes of the reported loss of gold during the process 
of extraction at the Thames gold-fields, he observed that much 
of this loss could scarcely be referred to any of those causes 
generally supposed operative for it. He therefore tested the 
actual condition of the natural surfaces of numerous specimens 
of Thames gold in respect to their behaviour with mercury, 
and examined further than had hitherto been done into its 
comportment with several of those substances likely to be asso- 
ciated with it in a natural way. He found — 

(i.) That numerous samples of bright, clean-looking gold, 
of all degrees of fineness, refused to amalgamate on any part of 
their natural surfaces, though taken directly from the reef and 
untouched by hand- 

(2.) That on such surfaces sulphur*was always present. 

(3.) That native gold, or gold in a pure state, readily absorbs 
sulphur from moist sulpheretted hydrogen or sulphide of ammo- 
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nium, and absorbs it directly when administered in boiling 
water. 

(4.) That surfaces so treated refused to amalgamate, though 
no apparent change could be observed in their aspect. 

(5.) That gold so affected is rendered amalgamate by roast- 
ing in an open fire, unless copper is present to the extent of seven 
per cent., or perhaps less, while the same effect is produced by 
the contact of cyanide of potassium, chromic and nitric a' ? u 
chloride of lime acidified. " ' * ,J 

(6.) That this absorption is altogether of a chemical nature. 

(7.) That sulphates of iron, in presence of air and water, 
decompose various metallic sulphides common to auriferous 
reefs in such a manner as to liberate sulphuretted hydrogen. 

The action of sulphuretted hydrogen upon gold, in render- 
ing it non-amalgamable when placed in contact with mercury, 
was demonstrated with striking effect by actual experiments. 

From these results Mr. Skey was led to suppose that a 
large area of the natural surfaces of native gold is covered with 
a thin film of an auriferous sulphide, and that the greater part 
of the gold which escapes amalgamation at the battery is repre- 
sented by that portion of this sulphurised gold which has 
remained unabraded during the processes of milling or extrac- 
tion from the reef ; the state of the gold, rather than that of the 
mercury, being therefore the greatest impediment to thorough 
amalgamation. 

In addition to these results, he communicated others relative 
to the effect of solutions of sulphuretted hydrogen and sulphide 
of ammonium upon platinum. In rendering it non-amalgam- 
able, he believed a sulphide of the metal had formed in each 
case, since chromic acid rendered it again amalgamate. He 
further stated that this metal is so affected by ammonia or 
the fixed alkalies that it will not amalgamate except in presence 
of a mineral acid, from which he suspected that platina is cap- 
able of superficial oxidizement when in contact with alkaline 
substances, even at comAon temperatures. He found that his 
samples of gold were not affected by the alkalies in this manner, 

[ except in the case of one from Victoria, a singularity from 

H 
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which was argued the presence of palladium in this particular 
sample. 

Conditions of Successful Working. — The successful 
working of a gold mine depends at the present day on a 
perfect and rapid system of “concentration.” Mines which 
carry only of free gold can be worked at a good profit if 
the local conditions are such as to permit of easy mining and 
subsequent reduction in the mill. As the attention of inventors 
is now specially directed to improving the concentrators, so 
that the lowest grade ores may by washing away the waste be 
converted into high grade ores, and as cheaper methods of 
reducing the concentrates are being developed, the field for 
mining operations will be almost daily enlarged. 

A description of the concentrators now generally in use in 
different countries is reserved for a later chapter. 

Amalgamation of Concentrated Sulphurets after roast- 
ing. — One would have expected to find fn existence works 
where the concentrated auriferous sulphurets and arseniurets 
could be submitted, after an oxidising roasting, to pan amalga- 
mation, as every experienced roaster* will have observed that 
pyrites, after a perfect dead roast, will show pure, clean gold 
on horn spooning, or panning down a sample. Such gold is 
amalgamate gold, and will yield 95 per cent, by pan amalgama- 
tion. “ Amalgamate ” may not be a correct metallurgical 
expression, but it will, I think, convey to the reader the idea I 
desire to express — viz., gold which can be absorbed by quick- 
silver. Although, however, the desulphurizing and amalgama- 
tion of gold sulphurets has for many years been extensively 
experimented upon in California, no plan has so far been 
brought into general use whereby refractory ores are satis- 
factorily treated, or low grade sulphurets worked with profit 
by pan amalgamation, the only tolerably successful method 
for reducing sulphurets being by the chlorine process, which 
is much too expensive to answer for low grade ores. 

In the early days of Californian gold quartz mining, amalga- 
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mators used to grind in pans without roasting, contending that 
gold, being found in a metallic state, only requires grinding 
to a certain degree of fineness to admit of amalgamation ; but 
this theory was not verified in practice. If the gold is in a free 
state in the sulphurets (a point by no means cleared up as yet) 
however fine the gold may be, it is coated with sulphur, iron, or 
some other metal, and no amount of friction will brighten it 
sufficiently to become amalgarnable. 

The best result which can be obtained by long and con- 
tinued grinding of raw (unroasted) concentrated sulphurets is 
40 per cent., and no doubt the greater part of the gold thus 
obtained is contained in the concentrates in a free state. To 
treat sulphurets properly, therefore, they must be completely 
desulphurized, and all metals in them (except the precious 
metals) thoroughly oxidized before the silver and gold will 
amalgamate in pans. If a complete oxidation of the iron and 
copper is not effected, on being charged into the pan and sub- 
mitted to the grinding operation, they will pulverise into a fine 
powder, and when the quicksilver is added, it will partly flower 
and float on top of the water, while the other globules of quick- 
silver, distributed through the pulp, will become coated with a 
black scum, thereby losing all its affinity for the precious 
metals. When the ore is thoroughly oxidised, no such “ sicken- 
ing ” of the mercury takes place, and the gold is taken up. 
Ores which have been roasted concentrate very easily, as 
everything in them, save gold and silver, loses specific gravity. 

The difficulty in treating large bodies of low grade iron 
pyrites by amalgamation is the prohibitive cost of the roasting 
operation, but with the introduction of mechanical roasters, 
iwhich would desulphurise the pyrites completely at a reasonable 
ate, I see no reason why amalgamation should not hold the 
eld against chlorination. 

Iron Battery Frames. — These are manufactured espe- 
cially in England for exportation to countries where heavy 
^imbers are scarce. It is better to ship to such localities an 
lion battery frame, which can be easily erected on the spot. 
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The following illustration (Fig. 47) shows an iron battery of j 
20 stamps. 



Battery with Ten Stamps. — Fig. 48 represents the 
battery when erected in its position in a wet crushing mill, 


TEN-STAMP BATTERY. 


IOI 


>The countershaft, and also its driving pulley with belt, are 
seen behind the main posts. Another pulley is shown by 
which the stamps may be stopped or put in motion without 
interfering with the driving power. The pulley on the cam 
shaft is of wood on cast-iron flanges. This mode of con- 



Fig. 48.— Battrry with Tkn Stamps. 


struction is necessary, inasmuch as a pulley made of iron, when 
subjected to the rapid succession of jars caused by the fall- 
ing of the stamps, would soon break. The guides for the 
stamp stems are made of oak, maple, or some other hard wood. 
They are in two parts, and are bored at proper distances for the 
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stamp stems. The guides, being set with keys between, can 
be closed together as they wear. 

General Specification for a Ten-stamp Battery. — 

Two high cast-iron mortars of latest improved pattern, single 
(or double) discharge, planed on bottom, drilled by template, 
with the seats for the screen frames planed. 

Two screens of hard wood fitted to the mortars. 

Four wrought-iron keys for the screens. 

Two screens of Russia iron or wire cloth. 

Two sheets of rubber for mortar foundation, J inch thick. 

Ten stamp dies. 

Ten stamp shoes. 

Ten stamp heads or bosses, bored for stems. 

Ten stamp stems of refined iron, both ends being tapered 
and fitted to the heads. 

Ten stamp tappets, fitted with wrought-iron gib with two 
steel keys in each. 

One cam shaft of hammered wrought iron, turned full 
length, key-seated and marked where cams are to be fitted. 

Three cam shaft boxes, babbitted, bored, and planed on 
bottom and back. 

Two cam shaft collars of wrought iron, with steel set- 
screws. 

One cam shaft pulley, built up complete on double cast- 
iron sleeve flanges ; to be thoroughly built and turned true, 
with the flanges keyed to the cam shaft. 

One set upper hard wood guides for stems, bored for stems 
and bolts. 

One set lower hard wood guides for stems, bored for stems 
and bolts. 

Two jack shafts of wrought iron. 

Four side boxes or brackets for jack shafts. 

Ten cast-iron sockets for levers. 

Ten hard wood levers for stamp holders. 
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Machinery for a 10 - Stamp Gold Mill . 

One No. 2 Blake crusher, 10 in. by 7 in. 

One grizzly or ore screen, 3 ft. by 10 ft. 

Two automatic ore feeders, if such are used. 

Ten stamps of 850 lbs. each in one battery, including all 
ironwork, wooden pulley, and hard wood guides for stamp 
stems. 

One set of water-pipes for battery. 

Two copper table plates, 54 in. by 8 ft. by \ in. thick, pure 
copper and free from flaws. 

Four copper lining plates for mortars, in. thick, of same 
quality. 

One amalgam retort and condenser. 

One countershaft for stamps, with bearings and pulleys. 

One countershaft for crusher, with bearings and pulleys. 

All necessary belting and lace leather. 

One engine, 9 in. by 14 in. ; 20 h.-p. 

One boiler, 40 ‘in. by 10 ft. complete. 

One feed-pump, with belt. 

One heater and all pipe connections. 

Stamp Batteries . 

List of sizes, complete in detail, as per above specification. 
Weight of iron work, including wood pulley and guide. 


5 stamps, 450 lbs. each 

9,500 

lbs. 

10 


45 ° 

... 18,000 

99 

5 


55 ° » 

10,000 

99 

JO 

99 

55 ° ■< 

19,500 

99 

5 

99 

650 

11,000 

99 

10 

99 

650 

21,500 

99 

5 

99 

75 ° - 

•••* I2 > 5 °° 

99 

10 

99 

75 ° - 

24,500 

99 

5 

99 

850 V 

i 5 >°°° 

99 

JO 

99 

O 

lO 

00 

29,500 

99 

5 

99 

95 ° .. 

17,000 

99 

10 

>> 

95 ° » 

33 ' 000 

99 
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Battery Frames . 

One complete frame for 5 stamps for 550 and 650 stamps, 
weight 9,600 lbs. 

One complete frame for 5 stamps for 750 and 850 stamps, 
weight 12,000 lbs. 

One complete frame for 10 stamps for 550 and 650 stamps, 
weight 17,000 lbs. 

One complete frame for 10 stamps for 750 and 850 stamps, 
weight 20,000 lbs. 


Power required for a 10-Stamp Wet Crushing Gold Mi/ 7 . 


One No. 2 Blake rock-breaker 

... 6 horse-power. 

Two ore feeders 

... 0 

Ten stamps, 750 lbs. 

... 12 

Four Frue vanner concentrators 

... 2 

One grinding pan, 3 ft. diameter 

'•* 3 >> 

One settler 

3 •> 

Friction 

••• 4 

Total 

• •• 3° 

Power required for a 20-Stamp Wet Crushing Gold Mill. 

One No. 2 Blake rock-breaker 

... 6 horse-power. 

Four ore feeders 

... 0 „ 

Twenty stamps, 750 lbs. ... 

... 23 

Eight Frue vanner concentrators 

••• 4 

One grinding pan, 3 ft. diameter 

... 3 

One settler 

... 3 >> 

Friction 

- 7 

Total 

... 46 „ 



CHAPTER IV. 

MILLS IN OPERA TION — A NEW MILLING MACHINE. 

Zeile Mine and Mtll — Providence Mill, near Nevada City— Father 
de Smet Mill, at the Black Hills, Dakota — The Huntington Milling 
Machine. 

A digression may be allowed in the present chapter, to en- 
able me to give some particulars of certain milling establish- 
ments which may be useful to those who seek information as to 
the laying-out and arrangement of mills for the treatment of 
gold-bearing ores ; and to these particulars I will append an 
account of one of* the numerous machines which of late years 
have been designed with the view of superseding the stamp- 
ing-mill which I have described in previous chapters.* 

Zeile Mine, in Amadar County, California. — As an 
example of what can be done with proper management, l 
give a brief account of this undertaking. The mine has 
been opened properly, new hoisting works have been erected, 
and a new 40-stamp mill put up, which crushes 100 tons of 
ore per day. The ore body, on the 200, 400, and 600 ft. 
levels, in places is very large, reaching a maximum of 50 ft. 
between the walls, and will average 40 ft. The rock is low- 
grade, and is assorted in the mine, the best being sent to the 
mill and the balance thrown aside in the workings under 
ground. It is by a careful system of working that the mine is 

* It may interest the reader to learn that in my work on the u Metal- 
lurgy of Silver ” will be found an illustration, drawn to scale, of the fifty- 
stamp gold and silver mill erected for the Montana Company, Limited, at 
Marysville. The illustration shows the mid in elevation, plan, and sec- 
tion. 
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made to pay. The rock yields only $2, or 8s., per ton in free 
gold, and from $5 to $6 per ton in sulphurets, which brings the 
yield up to a fair average. 

Attached to the mine are chlorination works, which are 
kept running day and night, working from four to five tons of 
sulphurets every twenty-four hours, yielding large returns. 

Providence Mill, near Nevada City, California. — This 
may be cited as an example of a model gold mill. The new 
mill, which was erected in 1882, works admirably. It is 
located, with the hoisting works, on the steep hillside above Deer 
Creek, a situation which gives every facility of fall, so that from 
the time the ore is brought to the surface and goes through 
the various stages of crushing, amalgamating, and chlorination, 
it is constantly descending from point to point with scarcely 
any handling, except by machinery. 

The mill, which contains 40 stamps, is connected with the 
hoisting works by a tramway, over which th$ loaded cars are 
taken. These cars drop their loads of ore on inclined gratings, 
called “ grizzlies,” through which all the quartz and fine stuff, 
not exceeding two inches in size, falls into the self-feeders on 
the floor below, one of which is placed in connection with 
each battery of five stamps, and feeds the battery automatically. 
Such quartz as will not go through the grizzlies is thrown into 
rock-breakers, where it is crushed. One man is required 
during the day to attend the rock- breakers, two in number, and 
this is all the manual labour required to feed 40 stamps, as the 
self-feeders will do that work as well as if it was done by hand. 

When the crushed quartz leaves the batteries, it passes over 
the usual aprons and inclined sluices, and from thence on to 
the Frue concentrators, sixteen of which are used in the mill 
to separate the sulphurets from the sands. All the work of 
attending the sluices and concentrators below the batteries is 
done by one man, so that in this large mill of 40 stamps all the 
ordinary manual labour required is performed by two men. 
The sulphurets are taken from the concentrators as often as 
required, and removed to a drying room adjoining, and from 
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thence run into the chlorination works, where they are worked 
in the usual manner, and both the gold and the silver secured. 

The power used to drive the mill is water, 100 in., brought 
from the north side of the creek, through a 15-in. pipe, and 
under 390 ft. pressure. This is discharged through a if-in. 
nozzle upon a Collins hurdy wheel, 6 ft. in diameter, which 
drives the whole machinery with the greatest ease, and appa- 
rently with plenty of power to spare. There is an automatic 
regulator which lets on more or less water, as may be required, 
when less or additional power is required by the rock-breakers. 
The mill throughout is a marvel of simplicity, convenience, and 
neatness, and may be said to run itself. The driving power is 
inclosed in a little box placed outside in an extension of the 
building. 

This mill, with its cheap power and the reduction of hand 
labour to a minimum, seems the perfection of quartz milling, 
and its economy is seen in the fact that the cost of milling is 
reduced to 55 cents (2s. 3d.) per ton, including wear and tear 
and keeping the works in repair. This is the cheapest milling I 
heard ot in California. The Sierra Buttes and Plumas Eureka 
Companies mill their ore at the same cost, but they own their 
own water, while the Providence Company have to buy theirs. 
The latter, therefore, can claim to be doing their work at a 
smaller cost. 

Father de Smet Mill, Black Hills, Dakota. — As 

this mill, which was designed by Mr. A. J. Bowie, involves 
some new and important features which have given excellent 
results in practical working, the particulars I am enabled to 
give deserve special attention from those who have large bodies 
of free milling ore to treat. 

The mines of the Black Hills, in Dakpta, being of what is 
termed “ low grade/’ their successful working necessitated cheap 
milling, which could only be accomplished with large and 
economically running mills. To insure the greatest possible 
economy, the Father de Smet mill, which was designed and 
constructed under the immediate supervision of Mr. Bowie, at 
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a cost of about ^20,000, was built on a plan different, in 
some respects, from any previously erected. The arrangement 
of the building in particular was novel, and the special objects 
kept in view in the arrangement were four, namely: (1) the 
constant supervision of the batteries, tables, and sluices, and 
consequent safeguard against robbery; (2) free access to all 
parts of the machinery, and room for handling the same ; (3) 
very large ore bin capacity, to insure steady milling ; and (4) 
the least manipulation of the material in all stages of reduction. 

Among the results attained by this construction of the mill, 
besides those hereafter mentioned, the following may be briefly 
noted. The building has been thoroughly tested, and at 
times there have been one and a halt million pounds of ore in 
the bins without any resulting damage or straining of the 
structure. The rock breakers, which are 53 feet above the 
battery floor, have been run to their full capacity, with the 
whole mill in operation, without causing much, if any, vibration 
in the building, or even on the car track at the top of the main 
division. The carpentry of the building, in fact, is such as to 
insure perfect bracing of the superstructure with solidity of 
foundation. Eighteen persons only are required per day to run 
the mill to full capacity. 

The Buildi?ig . — The entire structure covers an area 140 feet 
long and 60 feet wide. The elevation of the main building, 
from the mud-sills to the apex of the roof, is 75 feet. Its 
greatest length is east and west. It was constructed with three 
distinct compartments, which for present purposes may be 
designated as the east division, main building, and west 
division. The whole structure is of timber and lumber. 

The east division is 52 feet long and 60 feet wide, and con- 
tains the engine, boiler, machine and lathe rooms. The 
machine shop is well supplied with all the necessary imple- 
ments lor mill work. The main or centre division, which is 
68 ft. by 60 ft., contains the batteries, rock breakers, and ore 
bins. The west division, 20 ft. by 60 ft., is used for the clean- 
up room and repair shop. It contains a small cast-iron clean- 
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up pan, tubs for panning out amalgam, tailings, &c. There is 
an ample supply of water for all purposes. 

Engine, Boilers, Shafting , — The various machinery of the mill 
came from San Francisco, California. The engine is a hori- 
zontal one, fitted with Meyers’s cut-off, known as size No. 5. 
The cylinder is 20 in. diameter with 42 in. stroke; the 
shaft is 9 in. in diameter, and the whole weight of the engine 
is 25,000 pounds. The balance-wheel is 18 ft. in diameter, 
cast in eight segments, and weighs 14,360 pounds. The engine 
is of sufficient capacity to drive the present eighty stamps 
and twenty additional, should the latter be required. There 
are two boilers 54 in. in diameter, and t6 ft. long. They are 
tubular boilers, provided with a 12-ft. steam drum and all the 
necessary accessories. To supply the boilers, and for other 
purposes, there is a No. 5 Knowles steam pump. 

The main shaft and driving pulleys are situated in the centre 
of the east end of the main building. The pulleys (96 in. in 
diameter), by means of six-ply rubber belts, drive 54 in. pulleys 
on the line shafting ; and eight other pulleys, also 54 in. in dia- 
meter, on this line of shafting are belted to 72-in. pulleys on 
the cam shafts. The cam shaft belts are provided with 
tightener pulleys 15 in. by 16 in. in size. There are two lines 
of line shafting, one on each side of the main building, placed 
behind the batteries, and directly on the battery sills, the head 
ends being supported on pillow blocks. The machinery and 
line shafting are so placed as to be readily accessible. 

The Batteries , — The batteries, sixteen in number, contain- 
ing five stamps each, are arranged in two lines, eight batteries 
on each side of the mill. They discharge to the centre of the 
main building. They are of the usual style, built indepen- 
dently of the building, and braced, one line against the other, 
with 12 in. X 18 in. timber. Each stam{fc weighs 758 pounds. 
The tappets are set to drop from 7 to 9^ in., 85 drops per 
minute being the calculated speed. The cam shafts are 5 
in. in diameter, 14 It. 6 in. in length, each weighing 860 
pounds. 

Mortars , Shoes, and Dies , — The mortars used here are of 
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the gold mill pattern, with lining for sides and ends. The frame 
and lining weigh about 4,900 pounds each. They are set on 
the blocks and bolted to them, the tops of the blocks being 
previously covered with blankets. In the bottom of the 
mortar is a longitudinal groove, through the central axis, made 
for the purpose of holding the die to its place, each die being 
cast with a corresponding lug. As the dies wear down, it was 
intended to introduce a false bottom, or heavy casting 3 in. 
thick, filling the bottom of the mortar, and provided with a 
lug for the groove in the mortar, and a groove in the top for 
the lug on the die. The object in view was to economise iron 
by wearing the dies as thin as possible without lowering too 
much the level of their surface. The screens used are No. 6, 
punched, size 14 x 52 in. 

Experience has since shown that, with the frequent intro- 
duction of dies, the sides of the grooves chip, and the dies then 
require wedging. It has been further demonstrated at the mill 
that, when old dies have been worked down on the false 
bottoms, the batteries by no means cru-di as much roc N as .Ath 
new shoes and dies, though the line of discharge is kept 
relatively the same. A very impoitant question in milling low 
grade gold quartz is here presented, where economy requires 
that the largest possible quantity should be treated at the 
smallest possible cost in the shortest time, with due refeience 
to the percentage of gold. 

The conclusions so far arrived at are : (1) that the square 
bottom is the best form of die, and (2) that there is no economy 
in using dies after their surfaces have been irregularly worn to 
any great extent. 

In milling gold quartz, almost the principal expense is the 
consumption of shoes and dies, and any method by which a 
saving can be effected here is most desirable. If the above 
conclusions are correct, it is economy to cast shoes and dies 
with the smallest depth practicable. This necessitates at least 
monthly replacing, but it insures the largest amount of work 
per stamp with the smallest consumption of iron. In addition, 
is estimated that the quantity crushed with new shoes and 
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dies is so much in excess of that crushed with those which are 
much worn as to well repay frequent renewal. 
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Fig. 49.— Father dk Smet Mill. Cross Section through Main Building. 

Scale i/ 8 in. = 1 It. 

| Feeders , Tables , and Traps . — Immediately over the shafting 

l on each side of the mill is erected the feeder floor. This floor 
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is spacious and well lighted. There are sixteen of Hendy’s patent 
self-feeders, eight on each side. They stand immediately at 
the back of the batteries, the lip of the feeder being on a line 
with the mortar feed, and the mouth of the hopper of the 
feeder directly under the ore bin discharge. The batteries, 
sixteen in number, with five stamps each, are arranged in two 
lines, eight batteries on each side of the mill. 

In front of each battery there is an inclined table covered 
with amalgamated soft copper plates. The tables are so 
located that they are all visible from any one point on the 
main floor of the mill, and are thus constantly under the super- 
vision of the amalgamators. At the lower end of each table 
there is an Eureka rubber, which receives the tailings, and in 
turn discharges them into a quicksilver trap. From the trap, 
the tailings pass over a small amalgamated copper plate placed 
below the floor, and thence run into the sluice previously 
described, situated in the centre of the mill. The traps are 
narrow wooden boxes with a centre partition which extends to 
within a few inches of the bottom. Above the main sluice, on 
a level with the floor, there is a track on which runs a small 
car, used to transport material as may be required. 

Rock Breakers . — There were two rock breakers when the 
mill started, the ore descending on grizzlies. The monthly 
capacity of the mill was originally from 4,400 to 4,500 tons of 
quartz. Two additional rock breakers have since been added, 
the capacity of the mill being thus increased to 6,200 tons of 
quartz, and to a much greater amount — 7,500 tons — when the 
auriferous slate also is milled, which is now being done. 

It has been conclusively proved in the Black Hills that in 
milling low grade quartz there is great economy in large rock 
breaker capacity. The breakers should be set to crush fine. 

The Huntington Milling Machine. — It has been the 
aim of inventors for years past to produce a machine which in 
efficiency should equal, or even excel, the stamping mill ; and 
although numerous attempts have been made, so far none have 
proved efficient enough to supersede it, at least not for wet 
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crushing as usually required in gold mills. For dry crushing, 
especially where the ore has to be roasted, it has been found 
advantageous to use rolls, and those made by Krom meet the 
requirements best. Amongst the machines which have been 
designed to supersede the stamping mill, and which have 
advanced beyond the experimental stage, the Huntington mill 
deserves to be mentioned. The special merits of this machine 
seem to lie in economy in expense of plant and cost of work- 
ing ; in the economical transportation of machinery, and its 
erection at the 
mine ; and in eco- 
nomy of manage- 
ment and power. 

The machines are 
made from 34 ft. to 
5 ft. diameter, 
weighing, according 
to size, from 2 { to 
5 tons ; but for want 
of authentic data, I 
am not able to fur- 
nish their crushing 
capacity as com- 
pared with the 
stamping mill. 

The Huntington 
mill consists of a 
circular iron pan, in the centre of which through a hollow cone 
passes a vertical axis, which imparts a rotary movement to a 
circular disc forming (so to say) a cover to the pan ; and from 
the periphery of this disc are suspended four vertical shafts, 
with rollers turning loosely upon the lower ends of the shafts, 
which are so suspended that the rollers may swing inward and 
outward, and be caused to travel around in contact with the 
sides of the pan or dies by centrifugal action. A set of scrapers 
are also attached to the disc, which throw the ore constantly in 
the path of the rollers. 



Fig. 50.— Huntington Milling Machine. Section. 
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The details of the construction of the machine are shown in 
the figures, which also give a perspective view. Fig. 50 is a 
sectional view, Fig. 51 a plan, and Fig. 52 the scraper. 

The plan shows only two of the rollers, with the mode of 
suspending them from the periphery of the disc, but in practice 
four rollers are in the machine, as can be seen in Fig. 53. 

a is a circular pan, having a concentric, b, of hard *steel 

fixed around its in- 
terior in the portion 
which forms the 
bottom pan, which 
has a portion of its 
front reserved for a 
discharge opening, 
covered with a 
screen as shown at 
w. The feed slit is 
at z, into which an 
inch pipe discharges 
the water necessary 
for carrying off the 
pulp. 

The rollers, c, 
which do the crush- 
ing, have exterior 
circular shoes, D, 
secured to them. 
These shoes roll 
Fig. 51.— Huntington Milling Machine. Plan. against the interior 

of the die, b, so that 

the material is crushed between them, and the wear comes 
upon the shoes and dies, which can be easily replaced when 
worn out. 

These dies are rolled steel, and are formed with a flange, a , 
around their interior near the bottom, and hook bolts, b 9 pass 
through the rollers, c, with the hook beneath the flange, so as to 
support the dies and hold them in place. Wooden wedges r. 
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are driven between the dies and the rollers, and as they swell 
when wet, they will hold the two firmly together. 

The flanges, a , are held by the hook-bolts against the bottom 
of the rollers, and they prevent the dies from being forced up 
by pieces of rock which may be jammed below them. The 
dies around the interior of the pan are secured by wooden 
wedges in a similar manner. 

A sleeve, e, extends upward from each of the rollers, c, and 
has a hole made through it to the shaft, f, by which the crush- 
ing roller is suspended, to pass down through the sleeve and 
through the roller. The lower end of this shaft has an enlarge- 
ment or head, g, formed upon it, and a corresponding chamber 
is made in the bottom of the crushing roller to receive this 
head. Between the head and the interior of the 
chamber, washers, h, are placed, which serve to 
relieve the parts of friction. 

A cap or plate, 1, is fitted with rubber or other 
packing so as to screw upon the bottom of the 
crushing roller, thus making the chamber within 
which the head of the suspending shaft lies per- 
fectly tight ; and this chamber is then filled with oil 
or lubricant so that the rollers may turn easily upon 
the shaft, and at the same time be kept entirely 
free of the grit and dirt, j is the driving disc, from 
which the rollers are suspended. 

k is a sleeve, having trunnions, L, projecting to each side 
from it, and these trunnions turn in boxes supported by the 
lisc, so that the trunnions stand at right angles with a radial 
tine from the centre of the disc. 

The upper end of the shaft is keyed in this sleeve, and the 
>wer end of the sleeve has an enlarged opening which fits over 
upper end of the sleeve, e, as shown. This prevents any 

i irt from falling in at the top of the lower sleeve and working 
own around the shaft, thus keeping the whole of that portion 
itirely clean and well lubricated. 

The disc, j, is peculiarly formed, with large curved openings 
\ so that when the trunnions are lifted out from their journal 



Fig. 52. 
Scraper. 
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boxes the shafts, with their sleeves and the attached rollers, 
may be lifted directly out through these openings without in 
anyway disturbing any other part of the apparatus. 

By this construction the rollers are allowed to swing inward 
and outward about the suspending trunnions, and as the disc is 
driven around by the central driving shaft m, to which it is 
keyed, and the gearing, n, below the rollers, c, will be cause^l to 
rotate about the shafts, f, rolling against the interior dies which 



Fig. 53.— Huntington Milling Machine. Perspective View. 


are fixed within the pan, thus crushing all the material which 
may come between them until it has reached a suitable fine- 
ness. 

The pan has a flange, l 1 , projecting inwardly a short distance 
above the screen-openings, and the effect of this flange is to 
turn the material downward and prevent the tendency to rise 
to the top of the centrifugal and upward action as it escapes 
from between the rollers and the dies. Scrapers are used in 
connection with these rollers. 0 are the vertical rods or 
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arms to which they are secured, and which are made adjust- 
able up and down in the driving disc, j. p are the scrapers, 
which are made with double edges, as shown, and have two 
bolt-holes through them, through which bolts, q, pass, and by 
which they are firmly secured to the arms. 

Whenever the lower edge of the scraper becomes worn, or 
for any other reason it may become necessary, it is easily re- 
moved and reversed, so that the other edge projects down- 
wards and may be made to work. 



CHAPTER V. 

TREATMENT OF GOLD-BEARING ORES: 

CONCENTRA TION. 

Concentration explained — When Concentration precedes Amalgama- 
tion — Operations in Concentration — Spitzkasten : Rittenger’s Pointed 
Box — The Trichter Apparatus — Concentration in Sluices — Further 
Concentration in Rockers and Buddies — Green’s Jigger — The Dolly Tub 
— The Round Buddie — Collom’s Buddie — The Concave Buddie — The 
Tossing Tub — Hendy’s Concentrator — The Frue Concentrator — Its 
Operation described — Concentration of the Sulphurets — Colonel Tay- 
lor’s Experience. 

In every ore there are two separate and distinct portions — 
the worthless and the valuable. That the valuable portion 
is the smaller is obvious, and in treating ores on a large scale 
it is an economical question how to remove the worthless por- 
tion by cheap mechanical appliances. 

The previous chapters on milling ores will have shown that 
the whole process of amalgamating is simply a concentration 
of the “ free gold ” aided and assisted by mercury; but when 
gold is associated with other ingredients, concentration by 
means of mercury cannot be effected, and mechanical appli- 
ances are used whereby the ore particles are separated from 
the worthless stuff; and after the separation the valuable 
material is subjected to metallurgical treatment. A science has 
sprung up in this branch of metallurgy, called concentration, 
or ore-dressing. Not alone has inventive skill brought this 
department to such perfection as to effect the separation of the 
ore from the gangue, but in case of complex ores — which, 
for instance, carry copper pyrites, blende, and galena intimately 
associated together — they can be separated cleanly enough one 
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from the other and made to yield in separate departments 
afterwards the copper, zinc, and lead. 

The conditions which are most favourable for concentra- 
tion are those where the valuable portion of the ore possesses a 
much greater specific gravity than the gangue accompanying 
it, so that in a moving body of water the heavier portion will 
settle and the lighter be carried away. 

„ The concentration of fine sands and slimes — a process upon 
which, as I have already remarked (p. 98), depends the suc- 
cessful working of a gold mine — is generally performed on 
wooden, canvas, or metal inclined planes. The principle on 
which the separation of assorted grains on an inclined plane is 
based consists in the resistance offered by the grains, by sliding 
or rolling friction, to the impulse of the water on their surface. 

The sorting of the sands is best performed by their free fall 
in moving water ; and by sorting in moving or standing water 
different sizes of different density (that is, equal-falling grains) 
are obtained. Equal-falling grains are such as sink with equal 
speed, or which fall the same distance in the same time. Such 
grains do not permit of separation under water. It is, therefore, 
important to convey a thin layer of diluted stuff' on the table. 
In this case the water will not strike all points of each grain 
with equal force, as it would in a deeper stream ; but the 
larger, lighter particles will suffer a stronger impact of water on 
their higher points than the smaller ore grains, for the obvious 
reason that in a thin water stratum immediately on the table- 
plane the water has less speed, on account of adhesion, than in 
the upper layer. Consequently, of the equal-falling grains, with 
a certain medium speed of the water — depending on the 
inclination of the table — the larger gangue particles will be 
washed off, while the smaller ore grains still remain on the plane. 
Most tables on which the concentration is effected receive an 
inclination of from 6 to 8 degrees. 

Although sorting is a condition of proper separation, still a 
perfect concentration cannot be expected, not only because of 
the impossibility of ever obtaining a uniform size, but also on 
account of difference in shape, which tends to modify the 
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influence of specific gravity. For this reason the best concen- 
trating apparatus will yield a medium quality stuff between the 
rich and the waste portions which, while not good enough to 
warrant extraction of the metal, will yet be too rich to throw 
away. The treatment of this stuff may be profitable in one 
place but not in another — like California or Nevada, for 
instance — unless it is effected in a simple way by machinery. 
This is now done by small elevating wheels, 4 or 5 ft. in 
diameter, by which this medium stuff is conveyed back t q the 
table, so that by this arrangement only two sorts come from the 
concentrator — namely, the rich portion and the worthless tail- 
ings. But, notwithstanding these contrivances, it is in many 
cases advisable to regulate the concentration for only two 
educts, and to dispense with the medium stuff by turning it 
either into the rich portion or into the tailings, as desired. 

The influence of specific gravity decreases with the increase 
of the fineness of the ore particles, so that in the condition of 
the finest slime the influence of specific gravity is very small. 
Hence arises the difficulty of concentrating such stuff. 

Sometimes concentration of gold ores should precede 
amalgamation: for instance, (1) when the ore is poor ; (2) when 
the amalgamation of middle-class ore is performed in grinding 
pans; (3) when the ore contains auriferous sulphurets.* 

On the other hand there are cases when concentration should 
follow amalgamation: as (1) when ore rich in free gold is 
worked in grinding pans or other amalgamators ; (2) when 
middle-class ore is treated by amalgamation without grinding. 

The sands, therefore, which flow from the amalgamated 
copper plates are subjected to concentration to collect the free 
gold with the auriferous sulphurets they contain. 

Concentration consists of the following operations : — 

(1.) Sizing the sands by means of pointed boxes (Spitz- 
kasten). 

(2.) Concentrating the sands in the pointed boxes in sluices, 
having a self-raising gate or riffles. 

♦ See my “Metallurgy of Silver,” art . Milling at the Montana Mine. 
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(3.) Subjecting the sands in the sluice to a further concen- 
tration in rockers, buddies, Hendy’s concentrators, &c. 

(4.) Giving the buddle concentrates a more perfect cleaning 
in the tossing tub. 

(5.) In more modern mills, the pulp from the battery dis- 
charges directly on to vanners, or concentrating tables, for 
concentrating the escaping gold and Sulphurets, or they dis- 
charge first into sizers and from these on to vanners. 

(6.) In some establishments where the battery pulp is sub- 
jected to pan amalgamation, the tailings from the settlers are 
discharged on to vanners, and to concentrate the resulting 
finely-ground slimes it is advisable to discharge from the van- 
ners on to round buddies, which prove effective for treatment 
of very finely-ground material. 

Spitzkasten. — Itittenger’s Funnel or Pointed Box. — 
In this apparatus the funnel boxes are rectangular pyramids, 
with the base upwards. They were designed to replace the 
“ labyrinths ” or settling pits — the oldest classifying arrange- 
ment — for assorting sands for concentration directly from the 
battery. The battery sands are too fine for sorting by sieves. 

The stuff flows from the battery through several of these 
boxes — each different in size, and each delivering a different 
sized grain — directly to the concentrators. In this way the sands 
may be separated into different degrees of fineness at very 
little expense, in a simple apparatus, and without the help of 
hands. 

These boxes have also the advantage of getting rid of 
incurring surplus water, . which would interfere with concentra- 
tion. The sands are always obtained from the boxes in the 
necessary state of dilution for the tables. The principle is the 
same as with the labyrinth. The first box is narrow, which 
causes the water to flow swiftly, thus allowing only the coarser 
grains to sink, while the balance is carried into the next wider 
box, where the same quantity of water, spreading, assumes a 
slower motion, so that the next finer sand is separated, and so 
on with the other boxes. 



122 


CONCENTRATION. 


Figs. 54 and 55 represent a pointed box; Fig. 54 is a verti- 
cal longitudinal section, Fig. 55 a vertical cross section. The 
stuff flows from the battery, or from a sifting apparatus, at a, 



into the box. The sinking grains concentrate at the point o 9 
and flow out through the ascending conduit, o\ into the trough, 



/. The finer stuff which could 
not resist the current of the 
water is carried over the spout, 
into the next larger box. 
The conduit, o\ ascends in order 
to counterbalance the water 
pressure inside the box. 

To obtain all the advantages 
of this apparatus theoretical 
and practical knowledge must 
be taken account of in construc- 
tion. The width of the separate 
boxes is important. It depends 
on the quantity of stuff which 
is intended to enter the box in 


a second, and on the degree of the coarseness and density 
of the grains in it. According to experience, the first box by 
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which the coarsest part of coarse ore is to be separated should 
receive one-tenth of a foot width to each cubic foot of stuff 
flowing per minute. Each of the next following three boxes 
receive twice the width of the preceding. 

If, therefore, such an arrangement be intended to 


separate 10 cubic ft. 
of coarse ore per 
second, the first box 
should receive 10 X 
i*io = 1 ft. width, 
and the whole four 
boxes as follows : — 

1, 2, 4, 8 feet width, and 
3, 6, 9, 12 „ length. 

The depth is given 
by the inclination, 
and measured from a 
horizontal line is 
fifty degrees. This 
inclination is given 
to the sides of the 
width. The conduit, 
o', can be formed also 
by a pipe, i, Fig. 56, 
which stands vertical 
on the last boxes, 
containing the fine 
sands. The pipe 
should be shorter 
with coarser sands. 

Should it be ne- 
cessary to obtain a 



thicker stuff for the concentrator, there must be a valve at o , 
opening at short intervals. The connecting troughs between 
two boxes (Fig. 57) widen towards the larger boxes, and must 
be sufficiently inclined to insure that no sand can deposit in 
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them. The coarser the sand, the more inclination. The boxes 
are not always close together, in which case the conveying 
troughs are narrow, and discharge in a distributing board of 
the next box. 

The conveying troughs have a square section. It is calcu- 
lated that five square inches will answer for each cubic foot of 
stuff per minute. If, for instance, seven cubic feet of diluted 



Fig. 57. — Spitz Lute. Scale \ in. •= 1 ft. 

stuff flows through the trough per minute, it must have 
7 x 5 = 35 square inches or about 6 by 6 in the clear. 

The inclination of the conveying trough must be at 
least, in each 6 ft. — 

For coarse sands . 1 to 1^ inch. 

„ middle fine . . . . J , 

„ fine j , 

,, slime i- , 

This inclination is for galena ore containing not over 5 
per cent, of galena. The outlet of the pipe 0 (Fig. 54) is regu- 
lated by mouthpieces, of which there must be several of 
different sizes. Once these are regulated, there is no other 
work to be done, except to watch the regular flow, as some 
accident may cause the conduit to become choked. To 
obviate such mishaps the larger boxes are provided with a rod 
in the centre, on the lower end of which, just above the open- 
ing, are two small rings, so that if the sand or pulp accumulate 
by neglect of the watchman this rod is turned unti the stufi 
becomes loose enough to force itself through. 

The percentage received from boxes of the dimensions 
described is as follows : — 
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From the first box . 40 per cent, of sand. 


m >1 second t t • 

28 

If 

» 

„ „ third „ 

18 

ff 

» 

„ „ fourth „ 

IO 

»> 

» 


So that the loss is not more than from 4 to 6 per cent. It 
sometimes occurs that several stamps have to stop working, 
in which case the supply of crushed stuff is diminished. It is 
then necessary to replace this deficiency of stuff by water. 
But if the supply of water depends on circumstances that 
cannot be regulated, or if the deficiency cannot be counter- 
balanced by water, then other means must keep the fluid in 
the normal condition, and for this purpose each box is pro- 
vided with a movable longitudinal board. It is sufficient to 
make this board from 12 to 18 in. wide. In proportion as 
the supply of water is less, the dividing board is moved towards 
one side. If, for instance, the supply should decrease to half 
the normal quantity, the board is placed in the middle of the 
box, and all the stuff must enter on one side. The active 
portion of the water reaches only a few inches below the 
surface, so that the dividing board need not touch the bottom. 

In Schemnitz (Hungary), for crushing 20 tons in twenty- 
four hours, the boxes have the following dimensions * : — 

First box . . 6 ft. long, 2 \ ft. wide, 4 ft. deep. 

Second ,, . . 9 ft tf 5 » 6 >> 

Third ,, . , 12 „ 9 »>>>$,, ,, 

fourth ,, . . 16 ,, ,, 15 ,, ) f 10 ,, ,, 

The first box gives . . 40 per cent, of sand. 

,, second „ ,, . . 22 ,, ,, 

,, third ,, ,, . . 20 ,, ,, 

,, fourth jy a • • 12 ,, ,, 

The Trichter Apparatus is shown in Fig. 58, which 
is a top view. The first two boxes, a a , are narrow and oblong ; 
then follow three other boxes, b b , square in section, set 2 ft. 
10 in. each side ; next two rows of four boxes, c c. . . . c f in 
which the stuff divides. The depth in each is 20 in. By 
means of gates each box can be shut off if required, 

The small boxes could be advantageously used for sizing 
* According to Prof. G. Kustel. 
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the stuff or tailings of unroasted ores from the pan amalgama- 
tion if concentration were intended ; but in order to obtain 
regular work there should be a large agitator, 5 " with a continual 
discharge into funnels, which latter should be proportioned in 
number and size to the quantity of the tailings. A common 
receiving agitator is necessary, because the discharge of the 
tailings from the settlers is in most mills periodical. Where 
the pulp is excessively diluted in the settlers, the agitator, if not* 
large enough, must be provided with a 
trough at top to carry off surplus water. 


Concentration of the Pointed Box 
Sands in Sluices with Self-raising 
Riffle-gate. — The pointed box sands 
flow through wooden sluice boxes of a 
rectangular section, provided at the lower 
end with a self-raising gate, acting as a 
riffle, in which the heavier portions of 
the sands, consisting of sulphurets, black 
sand, &c., form a deposit near the head, 
while the lighter particles escape over 
the gate. For the coarser sands the 
boxes have a width of i in. ; for the finer 
sands they are from i £ to ii in. wide 
for every stamp. They are usually 18 
ft. long, and have the natural grade for 
the passing of the sands through them. 
For every two boxes or two sets of boxes 
there is one riffle-gate. The gate opening is generally 7 in. 
wide and 18 in. deep. The gate is raised to its full height 
once in twenty-four hours by means of a horizontal ratchet 
wheel, which is keyed to a vertical screw attached to the gate. 
Two ratchet wheels, one above the other, are attached to the 
screw, the teeth of one having the reversed direction of those 
of the other. By applying a lever arrangement on one side of 

* See my t( Metallurgy of Silver,” art . Working Tailings at the Tomb- 
stone Mines in Arizona. 
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the vertical screw to one of these the gate is raised; by apply- 
ing it to the other on the other side the gate is lowered. Two 
boxes, 15 to 16 in. wide, are filled to a depth of 18 in. by 
a 15-stamp battery in twenty-four hours. Two boxes or two 
sets of boxes are used alternately. 

Concentration in Rockers and Buddies. — When the 
sluice sands are subjected to a further concentration on rockers 
they are discharged into a tank. The tailings of the rocker 
containing <the finer sulphurets are treated subsequently in 
buddies, worked either by horse or by steam power. 

The Rocker. — The rocker, represented isometrically in 
Fig. 59, consists of a wooden table of 2-in. pine plank, 20 in. 
wide, and 10 ft. long, supported at both ends by wooden 
rockers, representing a section 20 in. in width and about 3 in. 
in depth. The table is enclosed on 
the long sides and the upper end 
by 6-in. boards, the lower end being 
left open for the discharge of the 
tailings. It has an inclination of 
1 in. to the foot. This inclination 
can be increased, when working 
coarser sands, by removing some of _ „ 

the supporting scantlings at the 

lower end. The upper end is fixed by a bolt, which, working 
in a slot, does not prevent the rocking motion. The floor of 
the table when in equilibrium is 7 in. above the support. 

The concentrated sluice sands are introduced at the head 
of the rocker in charges of from 3 to 5 shovels (the greater 
quantity corresponding to the sands poorest in sulphurets), and 
a stream of water discharged by a i-in. pipe under a 6-in. 
pressure is turned on the sands by means of a rubber hose. 
The rocker is set in motion by the left hand of the workman, 
giving it about 60 strokes of 8 in. a minute. For coarser 
sands a greater number of strokes is required. The lighter 
sands gradually work down, while the sulphurets remain nearer 
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the head. With his right hand the 
workman works the sulphurets up 
to near the head with a flat wooden 
shovel, which passes closely along 
the bottom of the rocker, while 
the lighter sands pass off. In 
some mills the rocker receives 
its motion by machinery. When 
clean the sulphurets are removed 
from the rocker by an iron scoop. 
A workman can treat 300 shovels 
of sand in a ten-hour shift. 

Simple as this machine may 
appear, it does very good work, 
when operated with a proper 
quantity of water, right motion, 
and exact inclination. 

Green’s Jigger (Figs. 60, 
61) consists of a series of sieves, 
which receive a reci procating mo ve- 
ment up and down in water by 
means of eccentric or revolving 
cranks. The space below is por- 
tioned off, so that each sieve dis- 
charges into a separate compart- 
ment. Not alone does this 
apparatus effect a concentration 
of the ore, but by making the 
sieves of different degrees of 
fineness a sizing can be effected. 
Fig. 60 is a plan, and Figs. 61 
and 62 vertical sections, of the 
apparatus as fitted with three 
sieves, 21, 22, 23. These are 
fixed in a rectangular frame, 24, 
fitted to work up and down in a 
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fixed rectangular frame, 25, forming the upper part of a 
tank or hutch, which is supplied with clean water by a 
pipe, 26. The bottom of the tank is formed by three 
inverted pyramidal cast-iron shells, 27, 28, 29, forming sepa- 
rate compartments respectively under the sieves 21, 22, 23, 
and the whole is supported by cast-iron standards, 30. 




JO\ 






1 " 


Fig. 61.— Section of the Same. 



These standards are fitted with bearings, 31, for a horizontal 
shaft, 32, running along above the middle of the tank, and 
iriven by a belt acting on a pulley, 33. The shaft, 32, is formed 
Iwith three cranks, 34, of a small throw, to which are adapted 
fbrasses working in transverse slots formed in the heads of 
three connecting rods, 35, fixed to the cross bars, 36, of the 

K 




Fig. 62.— Longitudinal Section of Green’s Jigger. 
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sieve frame, 24. The sieves, 21, 22, 23, are fixed in the frame 
at successively lower levels, and there are transverse division 
pieces, 37, 38, between the sieves, with their upper edges cut 
down to the proper overflow level for each sieve. 

The stuff to be acted upon is fed by water from a launder, 
39, upon the highest sieve, 21, and what is not separated by 
this sieve overflows to the middle one, 22, and some also over- 
flows from the middle one to the third, 23. The waste finally 
overflows by a discharge duct, 40, at the end of the third sieve. 
The materials which pass through the sieves may be discharged 
at intervals from the compartments below, 27, 28, 29, by open- 
ing valves or sluices ; or a continuous discharge may be effected 
into the receptacles 42, 43, and 44, these receptacles being 
formed with overflow ducts, 45, for the, water to pass off by. 

The Dolly Tub. — This is an apparatus used for separating 
ores, which can be conveniently used with the separators or 
classifiers, and will concentrate very fine slimes after they 
leave the spitzkasten or any similar apparatus. It is shown 
in Figs. 63 and 64 in plan and section. 

It consists of a cylindrical vessel, 1, of cast-iron or wood, 
and has a raised centre, 2. Inside the tub revolve the paddles, 
3, carried by the arms, 4, which are fastened to a vertical 
shaft, 5, held in bearings in a framing, 6, fixed across the top of 
the tub. The vertical shaft, 5, is geared by a pair of toothed 
bevel wheels, 7, to a horizontal shaft, 8, also carried by the 
framing, 6, and which has on it the fast and loose pulleys, 9, to 
receive a driving strap. 

The part, 10, of the bottom of the tub between the centre, 2, 
and the sides, 1, is by preference sloped downwards from the 
.centre or made conical, as shown. A funnel, 1 r, is fitted to the 
top of the raised centre, 2, and leads to a central discharge 
pipe, 12, by which the water and the light slime or waste is 
discharged. 

When the apparatus is used in combination with “classifiers,” 
each class of materials is fed to a different dolly tub or at a 
different time from the same tub. The materials, along with a 
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regulated supply of water, are led by a launder so as to fall 
into the dolly tub, by preference near the side, and the whirl- 
ing motion produced by the revolving paddles, 3, and the con* 
sequent centrifugal tendency cause the heavier minerals to 
move to the side, and they gradually descend to the deepest 



part of the bottom, from a point in which they are withdrawn 
by an aperture, 13, of a regulated size. 

In some cases the revolving paddles, 3, may be dispensed 
with, and the desired action be obtained by directing the 
inflowing water tangentially, or otherwise, so as to produce a 
suitable motion ; and the action may be controlled by regu- 
lating the ingress of water, whilst the egress is of course ad- 
justed to maintain a suitable depth of water in the vessel. 
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the water towards that point. The circular motion, however, 
produces an opposite or centrifugal tendency, which, acting 
principally on the heavier particles, carries them to the sides 
of the vessel, whilst the lighter particles, being more under 
the influence of the inward current, are by it carried to the 
discharge pipe, 12. The supply and discharge to and from the 
apparatus may be either continuous or intermittent. 

The Bound Buddie. — This machine serves to concen- 
trate slimes and fine sediments on a circular bottom, inclined 
toward the periphery. It is represented in Figs. 65 and 66. 
The conical bottom, a , is formed of wood, and is 16 ft. in 



Fig. 65.— Thk Round Huddle- 

diameter, or sometimes 20 ft. On this the stuff is distributed. 
b is the cone supporting the upper part of the feeding appara- 
tus ; e, a funnel perforated with four holes, and furnished at the 
top with an annular trough j // are arms, carrying two brushes, 
balanced by the weights, g g ; h is a launder for conducting 
the stuff into the funnel, e, from which it passes through the 
perforations, flows over the surface of the fixed cone, b, and 
from thence towards the circumference, leaving in its progress 
the heavier portions of its constituents, while the surface is 
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constantly swept smooth by means of the revolving brushes. 
By this means the particles of different densities will be found 
arranged in concentric circles. 

The arms usually make from two and a half to four revolu- 



tions per minute, and a machine 18 ft. in diameter will work 
up from fifteen to twenty tons in ten hours. 

Collom’s Buddie differs from the above by dividing the 
revolving table into two parts or concentric circles, one part 
being arranged by preference at one angle, whilst the other is 
arranged at a different angle. A pipe for washing off the ore 
is so formed as to wash off the ore from the different portions 
of the table at separate points, the ore from the upper por- 
tion of the table being washed off by one portion of the 
washing-off pipe into a launder or shoot and carried thereby 
into a receiver or hutch without touching the lower portion 
of the table, whilst the ore from the lower portion of the table 
will be afterwards washed by another portion of the washing- 
off pipe into another receiver or hutch. The water and the 
refuse or tailings from the general surface of the table will be 
washed into circular receivers or hutches. The table may be 
divided into two or more parts or concentric circles arranged 
at the same or different angles, and may be provided with 
several washing-off tubes, which may be arranged to operate 
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alternately or together. The ore is fed to the apparatus by 
means of a launder or shoot through which a stream of water 
flows, and the ore is washed, dressed, or cleaned by means of 
a continuous flow of water from a circular tube. 

This buddle is applicable to the concentration or dressing 
of both gold and silver ores, and consists of a circular table in 
which there are grooves or channels lor the reception of mer- 



cury. These grooves are arranged in concentric circles, and as 
the pulp passes over them the mercury absorbs any amalgam- 
able gold passing over it ; while the heavier ore particles settle 
on the table, the remainder will be washed off by jets of water 
from washing-off tubes into suitable hutches or receivers. The 
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water, and the refuse or tailings from the general surface of the 
table will be washed into circular receivers or hutches. The 
tables forming the different concentric circles are generally set 
at different angles. The tables may be arranged to incline to 
or from the centre. 

A clearer understanding of the machine will be obtained 
from the accompanying illustrations. 

Fig. 67 is a plan of the machine ; Fig. 68 is a vertical 
section of the same, a , a } is a vertical axis having a bevelled 
wheel at its upper end gearing with a similar on an horizontal 
shaft, b y which is driven in any convenient manner, and in this 




Fig, 68.— Section of Collom’s Huddle. 


way the axis, a , is caused to revolve at a speed of about two 
or three revolutions per minute. On the axis, a , a table 
is mounted; it may be conveniently about 25 ft. in dia- 
meter, and this table consists of two rings, c x and <?, or it 
may be of three or more rings if it be desired to sort the ore or 
material into a greater number of qualities, d is a trough or 
launder through which the ore or material in a finely divided 
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state and mixed with water is run on to the inner side of the 
smaller ring, <?, of the table ; <?, e, are perforated pipes from 
which jets of water issue, these pipes (it will be seen) being 
omitted in Fig. 68. 

As the table revolves, the ore upon it is subjected to these 
jets, and the particles are carried a greater or less distance 
down the table according to their relative densities a^d the 
strength of the jets of water, which can be regulated by stop- 
cocks in such a manner that as the table moves round the 
material upon it becomes exposed to stronger and stronger 
jets, but yet the jets should not be so strong as to wash any 
considerable proportion of the more valuable material entirely 
off the lower ring, c 2 , of the table ; /, f are brushes resting 
loosely on the table and serving to move and distribute the 
material. The brushes are held and kept in their places by 
cords or light rods ; they should not bear so heavily on the 
table as to cause the material to accumulate against them. 

In the course of the revolutions of the table, all but the 
heaviest and best material is washed off the upper and inner 
ring, of the table on to the lower and larger ring, r*, the slope 
of which is by preference somewhat steeper than that of the 
upper ring. Here a second sorting takes place, the lighter parts 
being washed over the edge of the table, whilst those which 
are heavier remain, being able to resist the flow of the water ; 
<?*, <? xx , are perforated pipes throwing jets of water, and so 
arranged and adjusted as to wash all the material from the 
table as it passes beneath them. When the material arrives 
opposite to these pipes it is already sorted. The jets from the 
pipes e x wash down the best quality into the trough or 
launder, g, which conveys it into a receiver h , and the jets from 
the pipes <? xx wash down the material of second quality from 
the lower and outer ring c* into the receiver i. k is a channel 
all round the table, which leads off the water and the lighter 
material to settling points. 

The lower portion of Fig. 68 shows a transverse section 
of a portion of a table, which is grooved all round for receiv- 
ing mercury. The grooves, which are marked c x , may con- 
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veniently be three in number, and each about three inches 
wide by half an inch deep. The mercury with which they are 
filled takes up particles of gold or silver, as already stated ; 
and when it becomes fully charged, which will only be at long 
intervals, it is drawn off and renewed. 

The Concave Buddie. — The concave buddle of Paine and 
Stevens is shown in Fig. 69. There are generally two buddies : 
one for the coarse sluice concentrates, and the other for the 
finer. They have an exterior diameter of 18 to 20 ft., slightly 
inclined inwards, in the centre of which is an opening 2\ ft. 
in diameter. The vertical shaft is supported by the wooden 
block, m , which carries the journal box. The shaft has a 
rotary motion imparted by mill-gearing above, and to which 
several appendages are attached. 

Attached to the shaft are : (i) The self-raising riffle pulley,^, 
which is raised by a rod, p y receiving its upward and downward 
motion from the endless screw, b, and pinion wheel; (2) the 
arms, / f carrying the brusher ; (3) the sand distributing 
troughs, e c. The clear water box, /, is suspended by the wheels, 
v v, on an annular flat ring. It is supplied by the stationary 
wooden box, r y and discharges the water, by the iron pipe, k , into 
the sieve boxes, y and 2. The bore, s s , is fed by the trough, /*, 
from the mixing trough, jy, and sieve box, z . The vertical shaft 
receives its motion by the pulley, a , and bevel gearing, d d. 

The first operation of the buddle consists in washing the 
sluice concentrates. For this purpose the sluice gate is lowered 
and the sands are gradually washed through the mixing and 
sieve box,y and z , and box, h y into the distributing box, s s, from 
which they are discharged by the six revolving Russia iron 
trough arms, c c, upon the annular apron. From these they 
flow down the inclined conical table, constituting the buddle. 
The arms,//, carrying the poles to which the brooms are 
attached, revolve at the same time with the distributors, cc. 
The brooms maintain a regular and even surface to the sands. 
The heavy sulphates lodge near the head of the buddle, while 
the lighter particles move on and finally fall over the circular 




buddle. This ring forms a close joint at the end of the wooden 
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buddle floor, u u . The pulley, and with it the arms of the 
broom poles, are gradually raised as the washed sands fill the 
buddle. 

When working the coarser ore, the time consumed to fill the 
buddle is six hours ; for the finer sands twelve hours are required. 
The water required by the buddle in washing the coarse sands 
is 8 cubic ft. per minute, spread by the revolving distribu- 
tors, which make seven revolutions a minute over a peri- 
phery of nearly 63 ft. 

When the buddle is full the sands are divided into three 
concentric rings. The interior ring, 3^ ft. in width, is con- 
sidered as waste, and is washed out. This is done by remov- 
ing the end pieces, 1 1, of the distributors, and turning the 
collars, 2 2, in the manner represented in the drawing by 
dotted lines. The clear water is conveyed from the stationary 
sluice, r, and washes out the central ring, leaving the distribu- 
tors at the connecting collars, 2 2. The central ring is lowered at 
the same time. While the central ring of the sands is removed 
the outside ring at the periphery of the buddle, 3 ft. in width — 
the so-called headings — is shovelled out by the ore dresser. The 
middle portion of the sands, being about 2 ft. in width, is 
gradually washed with water directed by means of the collars, 
2 2, of the distributors. The headings of these sands are 
added, when washed, to the first headings, and the central ring 
of sands is removed as we have described. 

The headings from the first washing go through a second 
washing, called doubling. This is done by raising the central 
riffle ring about three inches and filling the buddle up to the 
rim of the ring with poor sands from the tossing tub, which are 
introduced into the mixing box,.y, and washed into the buddle 
by the water from the pipe, k, and trough, r. When ready for 
doubling the buddle has an inclination of if in. per ft. for 
coarse sands and ii in. for the finer sands. All the head- 
ings are shovelled into the mixing trough, which, being sup- 
ported on wheels, can be brought to any part of the working 
floor around the periphery of the buddle. The distributing 
clean-water box, *, with water pipe, k , attached, also revolves on 



142 


CONCENTRATION. 


the wheels, u u. The time consumed in re- washing the head- 
ings of the first washing is generally three hours. 

When the operation of washing the headings is completed 
the sands are again divided into three concentric rings. The 
central portion, having a width of about 4 ft., being removed as 
before, the outer ring, about 18 in. in width, is ready for 
tossing, while the middle ring, of about 3 ft. in width, is washed 
down as described, the heading of it being added to those 
previously removed by tossing. 


The Tossing Tub. — The tossing, or final cleaning of the 
sulphurets, if they are to be treated by the chlorination pro- 
cess, is usually performed on the buddle headings. This is 
done in a tub of the following description (Fig. 70). The 
tub, having ij to 2 in. staves, is conical in form, tapering 



toward the bottom, 4 ft. in diameter, and 2\ ft. deep in the 
clear. Through the axis of the tub a hollow cast-iron cone, c> 
passes, reaching a few inches above the top of the tub, and 
fastened by a flange to the bottom. A shaft, s , Fig. 71, 
passing through this cone and resting on a journal underneath, 
carries the yoke, /, to which the horizontal flat-iron stirrers 
are riveted. Motion is communicated to the shaft by bevel 
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gearing, a b . The hammers are set in motion by the pins, r r, 
attached to the vertical bevel gear, as seen in the figure. 
When ready for tossing, the tub is filled to nearly half its height 
with water, the stirrers are set in motion, making forty-eight 
revolutions a minute, and the ore is shovelled in near the peri- 
phery of the tub. When nearly full the yoke is lifted out by 
means of a rope and pulley overhead, and the sands are allowed 
to settle while the hammers are set in motion, making ninety- 
six strokes each per minute to facilitate the rapid settling of the 
sulphurets and sands. When the sands have settled, the water 
is drawn off by an iron syphon, the skimmings are removed to 
a depth of two inches and thrown 
out as waste, the remaining upper 
half of the sands are re-tossed, and 
the resulting sands above the sul- 
phurets washed again in the buddle 
during doubling. The lower half of 
about five to six inches, consisting 
of sulphurets sufficiently concentrated, is delivered at the 
chlorination works to be further treated for gold. 

Two buddies working the sands of a 30-stamp mill require 
the attendance of three men. 

The riffle boxes and, to some extent, the concave buddies, 
lose a considerable proportion of coarse sulphurets. To mini- 
mise this loss, the tailings from the buddies and riffle sluices 
pass through a long string of boxes (supplied with wooden 
riffles of a square section of £ of an in., which are washed every 
Sunday when the mill stops) into and through a wooden 
box about 5 ft. wide, 10 ft. long, and 3 ft. deep. This box 
is open at the lower end. The heavier sulphurets form a 
deposit at the head, and the headings are treated by the 
rocker. 

In concentrating by means of riffle sluices, concave buddies, 
and rockers for buddle tailings, the loss in sulphurets is 12*5 
per cent, when treating quartz sands, which contain about *33 
per cent, of sulphur, or its equivalent in sulphurets. 



Fig. 71. 
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Hendy’s Coneentrator.- 


When this concentrator is em- 
ployed, it is not 
usually necessary to 
use the pointed box, 
nor previously to 
concentrate by self- 
raising riffle boxes. 
The concentrator is 
shown in Fig. 72, 
and consists of a 
shallow pan 5 or 6 
ft. in diameter, sup- 
ported by a vertical 
shaft in the centre, 
and made to oscil- 
late by cranks on 
one side ; these 
are joined by con- 
necting rods with 
the periphery of the 
pan, and this turns 
upon a vertical axis 
through a short dis- 
tance for every re- 
volution of the 
crank shaft. The 
bottom of the pan 
is raised in the 
centre to nearly 
the height of the 
rim, in order to 
facilitate the movement of particles towards the circumference. 

The machine must be carefully levelled ; and the tailings, 
direct from the blankets, are delivered by a trough to the 
hopper, r, from which they pass through the pipe, k, and dis- 
tributor, d , into the pan near its outer edge ; and the rotation of 
d by means of two pawls attached to it, and acted on by teeth 
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on the rim of the pan, causes this delivery of the tailings to 
take place evenly at all parts of the circumference. Rake-like 
arms, m , rotate with d , in order to stir the compact mass of 
sand, &c., which settles at the bottom. The crank makes 
210 revolutions per minute, and the accumulated suiphurets 
are discharged through the gate, e, while the amalgam and 
mercury collect in the depression, j. The machine concen- 
trates 5 tons of tailings per twenty-four hours. 

Mill with Hendy’s Concentrators. — Fig. 73 shows the 
general arrangement of a gold mill, and from it a clear idea 
will be at once gathered of the several processes which inter- 
vene between the raising of the ore and the final escape of the 
waste sands, &c., into the tail sluices. 

The ore is thrown down in front of a Blake rock-breaker, 
and after leaving it passes down an incline to the self-feeder, 
and thence to the stamps, where amalgamation often takes 
place. In front of the stamps is an apron of amalgamated 
plates, and beyond are the blanket tables where the pulp under- 
goes a mechanical preparation, the resulting two qualities being 
differently treated. The sands which pass over are received in 
Hendy’s concentrators, and after being a second time concen- 
trated pass into the tail sluices. 

That which remains on the blankets is washed into tanks, 
then passed through Attwood’s amalgamators and over copper 
riffles, and finally reaches the second concentrator. Below 
the concentrator in the figure are seen a Wheeler pan and 
icttler. The pyrites obtained on the concentrators are usually 
roasted and treated by chlorination. 

The Frue Ore Concentrator or Vanner. — This ma- 
chine (Fig. 74), which is of American invention, has been 
found so efficient in the concentration of pulp and slime 
that I shall describe its construction and working in full 
Retail. 

Its principle is that of a revolving blanket, having a lateral 
shaking motion — a motion closely resembling that given to a 

L 
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results, but the side shake has proved a great improvement on 
the old practice, and india-rubber belts with high flanges have 
been introduced in place of canvas. The ore when stamped 
fine can be received directly from the stamps on to the vanners, 
which concentrate the ores to a high percentage, including 
those which contain galena, zinc blende, iron and copper 
pyrites. 

In Fig. 75, a a are the main rollers that carry the belt 
and form the ends of the table. Each roller is 50 in. long and 
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13 in. in diameter ; it is made of sheet-iron, galvanized, and is 
light and strong. 

The bolts which fasten the boxes of a a to the ends of f 
also fasten to f the upper supports which rest on uprights, n. 

The rollers, b and c, are of the same diameter, and are 
made in the same way as a a. The roller part of c is shorter 
than that of a a and b, and has also rounded edges, the upper 
surface of the belt with its flanges passing over it. The belt, e, 
passes through water underneath b, depositing its concentrations 
in the No. 4 box, and then, passing out of the water, the belt e 
passes over c, the tightener roller, b and c are hung to the 
shaking frame, f, by hangers, p p, which swing on the bolts 
fastening them to f. By means of the hand screws, b and c 
can be adjusted on either side, thus tightening and aEo con- 
trolling the belt (Figs. 76 and 77). 
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The boxes holding a a in place have slots and adjusting 
screws, so that by moving them out or in a a can be made to 
have a very strong influence on the belt e ; and as e sometimes 
travels too much towards one side, this tendency can be 
stopped most quickly by lengthening or shortening on one side 
or the other of a a, remembering that the belt always travels to 
the near side of the pulley. The swinging of b or c alstvcon- 
trols the belt, c c are bolts and washers to take up the end 
play of rollers, a a ; the bolts pass through holes in the gud- 
geons of a a, Fig. 75. 

D d are the small galvanized iron rollers, and their support 
causes the belt, e, to form the surface of the evenly inclined 
plane table. This moving and shaking table has a frame, f, of 
ash, bolted together, and having a a as its extremities. This 
frame is braced by five cross pieces. The bolts holding 
together the frame pass through the sides close to the cross 
pieces ; the cross pieces are parallel with a a and d d, and their 
position can be understood by the three flat spring connections, 
r q, which are bolted to three of them, one to each, under- 
neath the frame. 

The belt, e, is 4 ft. wide, 27^ ft. in entire length; being an 
endless belt of rubber with raised sides. 

G G is the stationary frame. This is bound together by 
three cross timbers, which are extended on one side to support 
the crank shaft, h. 

g G supports the whole machine. The required inclination 
of the table is given by elevating or depressing the lower end 
of g g. This is accomplished by means of wedges. The frame 
rests on uprights, Nos. 3 3, fastened to the sills which form the 
foundation of the machines in the mill. 

f is supported on g g by uprighis, n, four on each side. 
These uprights are of flat wrought iron, with cast-iron bearings 
above and below. Each middle bearing on f has one bolt 
hole ; there are two of them on each side. The end bearings 
have two bolt holes, there being four of them, two on each 
side. These bolts pass through the frame, f, and also hold 
to the frame the bearings of a a, which work in a slot. The 
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bearings of a, the upper or head roller, are higher than those 
of a, the foot roller; i.e. a is a trifle higher than the regular 
plane of the table, and the first small roller, d, should be raised 
a trifle. 

The shape of the lower or bottom bearings of the uprights, n, 
can be understood by examining b, as shown in the end eleva- 
tion and partly in the elevation. This lower bearing, b, extends 
across g, underneath, and is supported by a bolt passing 
through G. A lug on the upper side and on the outside end 
of b rests on g, and b hangs on the head of the bolt, and is 
kept stationary by the weight of h and its load. By striking 
with a hammer the face of b shown in the elevation, b is moved, 
changing the position of the lower bearing, and thus making N 
more or less vertical. By thus moving the lower supports 
of n, the sand corners in the belt, to be hereafter explained, 
are regulated. 

The cross timbers binding together o G, and resting on them, 
are extended on one side, and on these extensions rests with 
its connections the main or crank shaft, h. This crank shaft 
has its bearings, x x x, and on them are brass cups to hold the 
lubricating compound; the cranks are \ in. out of the centre, 
thus giving a one-inch throw. 1 is the driving pulley, forming 
with its belt the entire connection with the power, j is a cone 
pulley on the crank shaft, h. By shifting the small leather belt 
connecting j and w, the uphill travel of the main belt, e, is 
increased or diminished at will. The small belt connects to j 
the flanged pulley, w, which is on the small shaft, k, and by 
means of the hand wheel can be shifted on k and held in 
place. 

The bearings of k are fastened to y, a cast-iron shell pro- 
tecting the worm, Q, and the worm gear, l ; y turns on a bear- 
ing bolted to the outside of G, and thus becomes a fulcrum for 
w and K. The object gained by this is that the weight of w 
and k (from y) hangs on the small leather belt, preventing 
slipping or wear, at the same time making it positive, a is a 
screw used to relieve the small belt from the weight of k and w, 
taking all the strain off the small belt, and thus instantly 
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stopping the uphill travel when desired, m is a hand screw 
by means of which 
the pulley can be 
moved, adjusting the 
small belt on the 
cone j, and thus regu- 
lating the uphill travel. 
k is the worm shaft, 
and terminates in a 
worm, z, which con- 
nects with a worm 
gear, l. i travels in 
a bearing bolted to 
the outside of G. z 
and l are protected 
from dirt by the 
shell of cast iron, y, 
enveloping both (Fig. 

76). 

The short shaft 
which l revolves ter- 
minates in an arm, s, 
which drives a flat 
steel spring, m (which 
is a section of a circle), 
connected with the 
gudgeon of a. n n are 
the upright supports 
of the shaking table, ^ 
f, carrying the belt, 

E. R are three flat 
steel spring connec- 
tions bolted under- 
neath the cross pieces 
of f, and attached to 
the cranks of the 
shaft, h, by brass 



Fig. 76. — The Frue Tanner. 
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boxes, o,o, &c., on which are cups for the lubricating compounds. 
These springs give the quick lateral motion, about 200 a 
minute, q q are two fly-wheels, v v are two rods passing 
from the middle cross timber to the lugs for the same at the 
foot of f. The cast-iron washers on the bolts of the cross 
timbers have lugs cast on them, v v pass through these lugs, 
and at each end are nuts on each side of the lugs. ThuS v v 
prevent the movable frame n from sliding either up or down, 
and by them f is squared. 

In Fig. 77 No. 2 is the clear water distributor, and consists 
of a wooden trough supplied with water by a pipe. The water 
discharges on the belt in drops from grooves 3 in. apart. 
Another form generally used for No. 2 is that of an iron 
trough, having brass spouts i£ in. apart ; by blocking every 
other of these holes, water jets can be made 3 in. apart. 
No. 1 is the ore spreader, which moves with f, and delivers 
the ore and water evenly on the belt, n is a copper well that 
fits in (and shakes with) the ore spreader at the place shown in 
the figure. This is used in concentrating gold ores, for saving 
the amalgam and quicksilver which escape from the silvered 
plates above, and can be taken out and emptied at any time. 
Into this well falls all the pulp from the battery. Its ends are 
lower than the wooden blocks of the spreader, so that the pulp 
passes over the ends of the well and is evenly distributed. 
For some gold ores it is desirable to use on the ore-spreader a 
silvered copper-plate the size of the spreader, and when this is 
so the wooden blocks of the spreader are fastened to a mov- 
able frame on top, so that they can be removed when the 
plate is cleaned up once or twice a month. 

Nos. 5, 5, are the cocks to regulate the water from the 
pipes, Nos. 6, 6. Nos. 3, 3, are upright posts, which are firmly 
fastened into two sills. These posts are cut down on the 
inside to make square shoulders, on which rest g g. No. 4 
is the concentration box, in which the water is kept at the 
necessary height to wash the surface of the belt as it passes 
through it. The overflow from No. 4 contains finely divided 
sulphurets in suspension ; to settle these the water passes 
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through boxes, Nos. 7, 7, 7. No. 8 is a section of the launder 
which carries off the tailings. No. 9 is a box into which the 
concentrations fall when scraped out of No. 4. Nos. 10 and 
11 show the arrangement of the countershaft with the tight 
and loose pulleys for driving the machine ; but it should be 
higher above the machine than represented in the drawing 
( Fig - 77 )- 

In working the Frue vanner, the ore is fed with water on 
the belt, e, by means of the spreader, No. 1. Thus the feed 
is spread uniformly across the belt. A small amount of clear 
water is distributed by No. 2, which is a wooden trough, and 
contains a pipe (No. 6), or by an iron trough with brass spouts. 



Fig. 77. —The Frue Vanner. 


A depth of j- to £ in. of sand and water is constantly kept on 
the table. To the main shaft, h, sufficient motion is given 
to impart from 180 to 200 revolutions, with 1 in. throw. 

The uphill travel or progressive motion varies from 2 to 12 
ft. a minute according to the ore, and the inclination of the 
table is from 3 to 6 ins. in 12 ft., varying with the ore. This 
inclination can be changed at will by wedges at the foot of the 
machine ; these wedges are under the lower end of g g, and 
rest on the shoulders of the uprights from the main timber of 
the mill. 
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The motion, the water used, the inclination of the table, and 
the uphill travel, will have to be regulated for each description 
of ore, but this once done no further trouble should be expe- 
rienced in the manipulation. 

In treating ore from the stamps, it may be found that too 
much water has been used by the stamps for proper treatment 
of the sand by the machine : in such a case there should be a 
box between the stamps and concentrator, from the bottom 
of which the sand, with the proper amount of water, may be 
drawn, the superfluous water passing away at the top ; but 
as mineral matter will also pass away with it, there should be 
settling tanks to receive the water ; the settlings can then be 
worked from time to time as they accumulate. 

Proper Consistency of Pulp in the Frue Vanner. — 

The use of a proper quantity of water with the pulp from 
the stamps, and also its proper regulation, are very important. 
There should be formed on each side of the belt a slight corne r 
of sand — that is to say, there should be on each side sand with 
less water in it than there is in the balance of the pulp on the 
belt. Unless this is so the corners will be sloppy, and there 
will be a loss. Sloppy corners are caused by using too much 
water with the pulp from the stamps passing on No. i. 

On the other hand, there may not be enough water with the 
pulp from the stamps, and the result will be too heavy sand 
corners. The remedy for this is to use more water in the pulp 
coming on No. i. 

As regards the proper amount of water to be used in the 
water spreader, No. 2, just enough and no more should be used 
to keep the ground between No. 1 and No. 2 covered, so that 
no points or fingers of sand shall show on the surface. The 
whole width of the belt between the water spreader and the 
ore spreader should be kept quite wet. If dry streaks of 
points occur, and the water as a consequence runs in streaks 
at the junction of the wet and dry channels, mineral will be 
picked up and floated away on the surface of the water, which 
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“ floating ” of mineral is caused by its dryness, and not by its 
lightness; it has been coated with a film of air. 

The proper amount of water with the pulp on No. i and 
the proper amount of water in No. 2 being fixed, the carrying 
over of the clean concentrations past the jets of No. 2 should 
be accomplished and regulated by the uphill travel only. 

Frequently the sand and water on the belt will be distributed 
unevenly, the sand working to one side of the belt and making 
a heavy broad corner, while the other is sloppy. To control 
and remedy this, see first that there is no jar about the machine ; 
that there are no loosely working parts ; that everything is 
working noiselessly; and that all the parts are in line. If there 
is not an exact balance of the pulp on the belt, the heavy sand 
corner lorms on one side or the other. To adjust the load and 
keep the sands evenly distributed on the belt, the lower 
bearings, b , of all the uprights, N, on one side of the machine, 
are moved forwards or backwards by slight blows of the 
hammer. The change of position from the vertical of n, &c., 
thus occasioned, affects the pulp on the belt ; and by changing 
the position of b , &c., on one side or the other, the right 
balance or equilibrium will be obtained, and the sand and water 
(or pulp) will be uniformly distributed across the belt. If the 
heavy sand corner is on the shaft side, the bottom bearings, b. 
&c., on the opposite side must be moved out. 

Again, the sand corner can be partly controlled by bending 
the end of the driving spring, fastened in the collar, towards 
the side having the thickest sands. The same effect, and even 
more positive, is produced by moving the crank shaft, and with 
it the table, the same way as the end of the driving spring is 
bent. The rolls underneath have also an effect on the corners, 
by swinging one end of each either towards one another or in 
the opposite direction. 

The water in the concentration box is constantly agitated by 
the motion of the belt, and consequently the water escaping 
from this box carries in suspension a good amount of very 
finely divided sulphurets of high assay value. To save these, 
settling boxes, Nos. 7, 7, 7, should be used, which can be 
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cleaned out once a month, a product being obtained which will 
add materially to the value obtained from the ore. 

The quantity of water required for one machine will be 
from 1 to 1 2 gals, per minute of clear water at the head, and 
from 1 £ to 3 gals, per minute with the pulp. The boiler for a 
5-stamp mill, with two concentrators, requires 1 gal. a minute ; 
hence, in places where water is very scarce, 2 gals, per minute 
can supply five stamps, two Frue ore concentrators, and the 
boiler, by settling and pumping back. 

The Operation of the Frue Vanner. — Recent practice 
has demonstrated that about 6 tons per twenty-four hours, pass- 
ing through a 40-mesh screen, is as much as it is advisable to 
treat in a single machine. If a battery of five stamps does its 
proper amount of work, the quantity crushed is largely in 
excess of 6 tons ; and for this reason the best practice is to have 
two Frue vanners for five stamps, if the stamps are heavy and the 
sulphurets are of high grade and difficult to save. Where pulp 
from five stamps is fed to two machines the pulp is divided, 
one half passing on each. The machines are generally placed 
in a double row on the same level, head to head, so that the 
attendant overlooks both rows in walking between. The con- 
centrator floor should be so far below the level of the battery 
as to allow the feed launder to be above the head of the attend- 
ant. No sizing of the material is needed ; the pulp passes 
directly from the stamps on to the copper plates (if used), and 
thence on to the vanners. 

The belt forms the bed on which the dressing of the ore 
is effected, being an inclined plane 1 2 ft. long, and having 
down the two sides projecting rubber flanges, which prevent 
the water and sand from dropping over the sides. The ar- 
rangement of rollers permits of the belt being slowly revolved 
in the direction of its length and up the incline ; thus, though 
the direction of the working plane remains always the same, 
its surface is constantly travelling. The crushed rock in a small 
stream of water falls near the upper end of the belt, by means of 
the sand distributor, No. 1, and flows down the belt towards 
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its lower end. Now, as the inclination at which the belt is set 
is only from three to six inches in twelve feet, and as the stream 
of water is not large, and spreads also over the whole width of 
four feet, it is obvious that much of the crushed rock contained 
in the water would settle on the belt, while the water and the 
finer and lighter particles of sand would alone reach the foot of 
the table and drop over into a waste launder. In addition, we 
have the travelling of the belt upwards and onwards conti- 
nuously. 

The effect of this would naturally be to deliver all the rock 
which has settled on the belt over the upper end roller, a> and 
deposit the same eventually in the water tank, No. 4, below, 
through which the belt passes in plying around the roller, b . 
The action of the belt, then, simply amounts to this, that it 
forms an inclined plane, or working surface, which, by its pro- 
gressive motion, will deposit in the tank, No. 4, all solid 
material which settles on it — that is, whatever is not carried off 
in suspension by the water flowing from No. 1. The belt is 
merely a self-discharging bed. To separate the heavier 
metallic minerals from the accompanying gangue or rock, it is 
evident that the above described action of the belt is not 
sufficient, for not only would the mineral be delivered in the 
tank below, but also a large proportion of the rock, which 
would certainly settle on the belt as well. A separation of the 
two classes has yet to be accomplished. For this purpose a 
second stream of water is employed. About one foot above 
the sand distributor — that is, just below the first small roller, d, 
— the water distributor is arranged, which delivers small jets of 
water, three inches apart, over the entire width of the belt. 
The revolving belt, carrying its load of settled rock and 
mineral, travels past the jets of water, taking with it such 
particles of mineral as have weight or specific gravity sufficient 
to resist the force of the descending water, while the lighter 
particles of rock are driven back by the water, and do not reach 
the tank, No. 4. In addition, a gentle side shake is given to 
the belt at right angles to the length and travel of the belt. By 
the introduction of this secondary motion the sand is kept in 
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gentle agitation, uniformly distributed over the whole width of 
the belt, and the heavier particles of mineral, settling through 
the sand, cling to the belt and are carried up it, past the small 
jets of water, and deposited in a cleaned state within the tank 
for collection. Very little water is now needed to effect the 
separation of rock from mineral. 

This machine is not adapted for the treatment of very*coarse 
material, such as would be submitted to “ jigging/’ but is 
adapted for the treatment of fine sands and slimes. Many 
forms of washing apparatus have been introduced for the special 
treatment of slimes. Some of these have been already described, 
such as the buddle, the inclined table, and the blanket sluice. 

The important feature of the True vanner lies in the pro- 
perty which fine ore particles have of clinging to the rubber belt. 
The shaking motion separates the mineral from the sand as it 
flows slowly down the belt, as it keeps the material in gentle 
motion, and when once the material has touched the surface of 
the belt it clings and is carried up past the small streams of 
water at the head of the machine, and is dropped as the belt 
passes, in a reversed position, through the water tank. 

The side shake communicated to the belt is of the utmost 
advantage in more ways than by the settling of the mineral from 
the sand ; for by keeping all the material in motion the belt 
can be set at a slighter angle, a smaller quantity of water used, 
and a much greater quantity of material operated on, than 
would be the case if a simple belt, without lateral movement, 
were employed. The sand does not pack and cause the water 
to cut channels and to run off in small streams, but is always 
uniformly distributed over the whole width of the belt. 

As regards the ores on which the machine will work, the 
only point of importance is, that there be a fair difference be- 
tween the specific gravity of the mineral to be saved and that 
of the waste matter with it. The following minerals have been 
worked upon with excellent results : iron and copper pyrites,- 
arsenical iron pyrites, zinc blend, galena, tinstone, cinnabar, 
native silver, carbonates of lead and copper and native copper, 
tellurides of gold and silver, and tailings from the amalgamating 
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mills. “ Floured ” quicksilver and slimes flowing from the set- 
tling tanks have also been experimented on, and made to yield 
the impalpable mineral which they contain. 

For running a single machine it is estimated that only one- 
quarter horse-power is required, and one man can attend to six- 
teen machines without difficulty. When six machines are 
used the cost of treated sands, when ready to flow on to the 
machine, is estimated to be about tenpence per ton. 

The revolution of the belt is the agency by which the 
delivery of the clean material is effected. The necessity for a 
proper travel will be apparent, inasmuch as, supposing the belt 
to remain stationary, no delivery of mineral could possibly take 
place ; while, if a quick travel be communicated, everything 
which fell on the belt from the sand distributor, No. 1, would 
be rushed past the clear water at No. 2, and collected in the 
tank. Between these extremes we find the desired mean : a 
speed which shall be sufficiently great to deliver continuously 
all the mineral collected by the belt, yet not so fast as to 
require a flood of water at No. 2 to keep back the sands. If 
the ore treated be poor in mineral, the upward motion of the 
belt should not exceed twenty inches per minute ; if rich, the 
speed is increased accordingly, and in agreement with the 
inclination of the belt, being greater as the inclination increases; 
but usually the speed should not exceed 3^ ft. per minute. 

To examine the influence of the side shake two extreme 
cases may be cited. In the absence of side movement, with 
the ordinary supply of material coming on to the belt, no 
separation can be effected by a reasonable stream of water at 
No. 2 ; the greater part of the rock passes over into a tank 
with the mineral it packs upon the belt. On the other hand, 
to drive the crank-shaft, H, at a rapid rate, and thus to violently 
agitate the belt and its load, has the effect of working every- 
thing off the foot of the table. In this matter, as with the revo- 
lution of the belt, there is clearly a desirable mean ; namely, a 
speed at which the material on the belt is kept in gentle motion 
— lightly suspended in the water, and thus easily carried by it 
down the belt — a speed which allows and facilitates the settle- 
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merit of the mineral from the rock, and so does not disturb it 
when once settled on the belt. The customary rate of driving 
this side motion varies from one hundred and eighty to two 
hundred revolutions of the shaft per minute — the former speed 
for fine, light slimes, and the latter for rough and heavy sands. 

As regards the regulation of the water delivered at No. i, 
the ground between No. i and No. 2 should be kept ^nicely 
covered with water, and the mineral brought through by regu- 
lating the uphill travel. To make the final separation of mineral 
from sand some little judgment is necessary. As already stated, 
the delivery holes in the water launder are 1 J in. apart across 
the whole width of the belt, and the clear mineral creeps up 
between these small jets of water, so that, as delivered over the 
head of the belt at a, the form is. that of longitudinal streaks, 
farther or nearer apart, and of greater or less width according 
as the richness of the material treated is different. The primary 
object in the adjustment of the uphill travel is that the clean 
mineral shall be allowed to pass over into the tank at the same 
rate as it is fed on to the belt in the mixture to be separated. 
For example, suppose that in every hour 800 lbs. of mixed rock 
and mineral pass on to the belt, and that the mixture contains 
5 per cent, of heavy mineral, say galena. Now, disregarding 
the small loss of mineral in the proper waste or tailings, the 
uphill travel must be so regulated that there shall be a steady 
delivery of mineral at the rate of 40 lbs. per hour. No more 
than this can possibly be delivered unless rocky impurities are 
allowed to pass and to be weighed in ; and if less than this 
passes, there must be a continual accumulation of mineral on 
the belt, which will eventually produce loss in the waste. The 
proper adjustment of the uphill travel may at first, perhaps, 
appear difficult, but in reality it is very simple, in which the 
eye furnishes a sure guide. The gauge by which the adjust- 
ment is rendered easy is the extent of head of mineral show- 
ing at the point No. 2, where the water strikes the belt. Again, 
the weight of mineral as it gets strong and heavy forces 
it more past the water. Should the discharge of mineral exceed 
the quantity falling on the belt, sand or rock will be found close 
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up to the jets of water, and by-and-by passing them in place of 
mineral. If the uphill travel be too slow, the mineral collects 
below No. 2, forming a great head extending towards No. i, 
and even below, in which latter case an increased loss of 
mineral will assuredly take place in the waste. 

When working properly, a small head is always kept below 
the jets of clear water, and the mineral comes over clean and 
regularly. A few hours’ experience will instruct any one suffi- 
ciently on this fact ; and having once adjusted the uphill travel, 
the machine will work continuously and uniformly as long as 
the conditions are kept constant; nothing more than this can 
be expected of any machine. 

The machine should work almost noiselessly ; if there be 
any jar or knock, the cause must be found and a remedy 
applied. These jars can be easily remedied, and are not faults 
in the machine, but of its setting up or adjustment. If the side 
shake be found to work smoothly and without a jar, the uphill 
travel or progressive motion can be given. The machine is 
now at work, and some clear water run on it from No. 2 will 
show whether the belt is level across ; if not, it is easily 
levelled by the wedges at the foot before the ore feed is 
started. 

Supposing all instructions to be followed, the machine will 
be working now regularly and smoothly. The belt, moving 
always onwards, brings all mineral up to the clear water at No. 
2 ; and here the difference between rock and mineral becomes 
apparent : the clean mineral passes between the jets of water, 
and is deposited in the tank below ; the sand works gradually 
down, to be replaced by other particles. 

In treating slimes, as indeed with all other qualities of 
material, as little water as practicable should be fed on with it ; a 
large volume of water on an inclined plane surface implies 
speed and force — two undesirable elements in the separation of 
fine mineral. From an extended experience with the machine 
it has been found that with a slightly increased speed of the 
side motion, any rough particles of rock are much more easily 
moved than fine mineral; that it is easy to work the coarse 

M 



CONCENTRATION. 


162 

sand off the belt, and at the same time produce extremely 
slight loss even of the very finest mineral. This observation 
led to the working of mixtures of sizes which should properly, 
on the usually accepted theory, have been classified and treated 
separately. It is preferable to use a screen of forty holes to 
the lineal inch. The side motion of the belt works off the 
rock and never moves the very finest mineral when it 1ms once 
touched the belt. Therefore the pulp flowing on the belt must 
not be too thick, as the particles of mineral cannot settle through 
it. For this reason a pretty fair current of water must be 
allowed to go on with the slimes, and the belt placed with very 
slight inclination, so that the current be not too rapid. 

Concentration of the Sulphurets. — The success of 
concentration is dependent on the efficiency of the machinery 
employed to effect a separation of the worthless gangue from 
the valuable portions of the ores, and it is very difficult to lay 
down any rule for the guide of the mine owner in the choice of 
machinery for the purpose. Almost every mine having its own 
distinct character in regard to ores, no one machine can be 
adapted to the varying physical characteristics of the numerous 
classes of ores. But as a rule, in most ores, the gangue is 
harder than the mineralized portion, and the result in stamping 
is that the valuable ore particles are generally reduced much 
finer than is consistent with economical dressing. Moreover, 
even pulverization— a condition which is essential to perfect 
concentration — is difficult to obtain in practice. If ores are of 
a complex nature, and the precious metal is contained in 
minerals of varying densities and different degrees of hardness, 
an even pulverization becomes still more difficult. 

The best method, therefore, is to effect an equal assorting 
or sizing of the uneven grains resulting from the stamping 
process before proceeding to concentration. 

Colonel Taylor on Concentration. — A practical illus- 
tration of the difficulties met with in concentration has been 
given by an experienced Californian, Colonel J. M. Taylor, 
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who gives the results of his observations and experiments as 
follows : — 

“ I. commenced this business believing, as many other 
theorists have done, that all gold ores could be concentrated 
on coming from the battery by machinery without handling, 
and that gold sulphurets could be treated successfully only by 
the chlorine process. I continued in this belief for many 
years, spending time and money, and accomplishing nothing. 
I purchased a mine, for experimental purposes, which had the 
reputation ( of producing ore of a very refractory character. 
This ore assayed $30 per ton, but not more than one fourth of 
it was sufficiently free to admit of its being amalgamated in the 
battery. 

“ I erected a five-stamp mill, and tried various methods for 
concentrating the sulphurets. The best result obtained was 
25 per cent., which, together with the free gold, formed only 
50 per cent, of the assay value of the ore. At this juncture I 
abandoned everything with the word patent on it, and, going 
back to first principles, constructed an old-fashioned Cornish 
buddle, and sized the ore in two sizes, using two pointed 
boxes, after the plan adopted by the most improved mills in 
Grass Valley ; all the materials held in suspension by the 
water were allowed to pass over the second box and go to 
waste. I found by concentrating the two sizes separately in 
the buddle that I could get about 8 per cent, more than when 
they were concentrated together. In this way 10 per cent, 
more was saved than by any other plan yet tried. 

“ The tailings as they came from the buddle were assayed, 
and found to contain 10 per cent., leaving 30 per cent, unac- 
counted for. A tank was then constructed 12 by 12 ft., with a 
partition in the centre, and the slum that ran over the seconu 
box was allowed to pass into the one and out of the other, giving 
it plenty of time to settle. In this way one fifth of all the ore 
crushed was settled in the tanks, the contents of which assayed 
23 per cent., being at the rate of about $6 per ton of ore, 
making a saving of an assay of $48 per day with an eight-ton 
mill. Deducting from this 10 per cent, for loss in concentrat- 
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ing, 2 5 P er cent. f° r working, and $i per ton for cost of 
concentrating, resulted in a net profit of $25 per day, or $720 
per month, to the mill. A barrel holding 60 gallons was placed 
under the stream of water from the tank, and when full was left 
twenty-four hours to settle, a little alum having been added. 
The top was then carefully poured off, when the sediment was 
found to contain about 1 per cent, of the ore, which was held 
in suspension by the water after it had become comparatively 
clear ; 8 per cent, could not be accounted for. It could easily 
have been wasted in the battery, or more than an average 
might have been got in sampling the mine. This latter was 
hardly possible, however, as great care was taken to insure a 
fair sampling by drilling through the ledge in various places. 

“ This result did not surprise me in the least, having long 
been aware that a large percentage from most mills had been 
lost in this way. The question was how to concentrate these 
tailings up to a higher grade, they not being rich enough to 
pay for chlorinating. Various methods for accomplishing this 
were tried. The best result from the round buddle, using an 
ordinary broom for sweeping, was 50 per cent. A buddle was 
then constructed on a larger scale, and with much less grade 
than the one already in use. A piece of common mill blanket 
was put on the arm for sweeping, and a small stream of water 
turned on. This proved a success as shown by assay, twelve 
tons having been reduced to one ton, at a cost of 75 cents 
per ton. There was still a loss of ten per cent. Various tests 
were made in order to determine what grade of sulphuret 
ore would pay to concentrate. Some twenty tons of coarse 
tailings had accumulated from the buddle, which after testing 
proved to be worth $2.25 per ton. This was reduced, at a 
cost of $7i, to 500 lbs., which had an assay value of $30. 
Deducting from this 25 per cent, for loss in working, and 
$>7i for labour of concentrating, left a net profit of $14. 

“ I now became satisfied that no machine yet invented can 
concentrate the majority of ores to more than fifty per cent, 
of their assay value without their having first been sized and 
settled in tanks. Assuming that ore requires settling before 
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it can be concentrated up to a high percentage, it is only a 
waste of time and money to attempt its concentration before 
settling, as the cost is the same whether it be high or low 
grade. As a consequence, any machine that fails to take out 
more than half the value of the ore is of no practical use. All 
ores must be sized in three different sizes before they can be 
concentrated. Lead sulphurets are nine and one half times 
heavier than water, and five times heavier than quartz. 
Common iron or copper sulphurets are seven times heavier 
than water, and three times heavier than quartz. The coarse 
pulp and sulphurets capable of passing through an ordinary 
No. 6 mill screen are, perhaps, on an average, fifty times 
coarser than those found in the slum ores. They should, there- 
fore, be concentrated separately ; otherwise a current of water 
sufficient to carry off the coarse pulp will also carry off the 
sulphurets, notwithstanding the latter are from three to five 
times heavier than the pulp, which, being composed of quartz 
about fifty times more bulky than the sulphurets, exposes a 
corresponding surface to the action of the water. 

“ To obviate this trouble, we must equalise the tailings, 
bringing the sulphurets and the pulp to the same size, then 
equalise the water to correspond with the fineness of the pulp, 
and a current that will carry off the latter will leave the heavier 
sulphurets behind. No man experienced in milling will ever 
spend a dollar trying to concentrate in violation of these rules 
or natural laws. Any of the quick-motioned concentrators 
now in use will separate a large percentage of the coarser 
sulphurets from the coarse sand, but at the same time they will 
hold the fine sulphurets, which are of the most value, in 
suspension so long as the water continues in motion. The 
round convex buddle is the best equaliser in use, it being fed 
around the centre-post, which is about twelve inches in 
diameter. As the water recedes from the centre it spreads, 
and consequently decreases in force. If the current of water 
be strong enough to start the finest sulphurets from the head of 
the buddle, it will become so diminished before reaching half 
the distance from the centre to the circumference that the 
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sulphurets are left behind. The concave or centre-discharging 
buddle is fed on the outer rim and discharged in the centre : 
consequently the water increases in force toward the centre ; 
hence fine sulphurets leaving the circumference of the buddle 
will be carried toward the centre with the pulp by the increas- 
ing force of water. 

“ In the tin, lead, and copper mines of England, where 
concentration has been carried to a higher state of perfection 
than anywhere else, they have long since discarded the centre- 
discharging buddle, and use only the convex. Many mining 
superintendents contend that their ores are not rich enough to 
justify handling and concentrating in round buddies, but I am 
of opinion that all ores below permanent water level will pay 
to concentrate if they will pay to work at all. 

“ After the concentration was perfected, two hundred tons 
of ore were run through the mill, and further concentrated to 
fifteen tons, which were shown by assay to contain ninety-one 
per cent, of the gold found in the ore after being settled in the 
tanks and before it was concentrated. This second concentra- 
tion costs 63} cents per ton.” 
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TREATMENT OF GOLD-BEARING ORES: CHLORINATION. 

The Plattner Process of Chlorination according to Prof. 
Kiistel — Assay of Gold Sulphurets — Chlorination Process for Sul- 
phurets and Aiseniurets — Roasting Furnaces — Pontgibaud Furnace 
— Kiistel’s Furnace — Bruckner’s Cylinder — Treatment of the Ore 
with Chlorine Gas — Cost of Treatment by Plattner’s Method — Loss 
of Gold in Chloridising Roasting — Proposed Condensation of Fumes 
by Electricity — The Plattner Process at Plymouth Mine. 

The Process of Chlorination. — The Plattner process 
for the extraction of gold by means of chlorination, as im- 
proved by Mr. Deetkin, of Grass Valley (an account whereof, 
to which I am indebted, has been given by the late Professor 
Kiistel *), may be described in general terms as follows : — 

(i.) The auriferous concentrates from the stamping mill 
having been perfectly oxidized, are moistened with water and 
put lightly, by means of a sieve, into a wooden vat, coated 
with tar and rosin, and having a perforated false bottom upon 
which a filter is made, for which there are numerous ways. 
When filled, a close-fitting cover is placed on top. 

(2.) Chlorine gas, produced by decomposing salt and 
peroxide of manganese with sulphuric acid, is introduced 
between the false and true bottoms, and made to permeate 
upwards through the ore mass. After the expiration of from 
fifteen to forty-eight hours, the gas is found to appear abun- 
dantly on the ore mass, and is then shut off, and the vat 
allowed to remain a few hours under the influence of the gas. 
The cover being removed, pure water is added to fill the vat 
even with the top surface of the ore ; the fine particles of gold, 

* In his “ Treatise on Concentration of all kinds of Ores, including the 
Chlorination Process.” San Francisco, 1868. 
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under the action of chlorine, have changed from metal to a 
soluble terchloride, and in this condition it is drawn off or 
leached out with water, fresh water being added until a test 
shows no trace of gold. 

(3.) A prepared solution of sulphate of iron — the usual 
precipitant — is carefully added to this drawn-off solution, and 
the gold thrown down as a black or brownish precipitate ; this 
is gathered, washed, and melted into ingots of nearly pure gold. 

Conditions for Successful Chlorination. — The process 
is thus based upon the property of chlorine gas to transform 
metallic gold into soluble chloride of gold, and with some kinds 
of pyrites it is very perfect if well executed, but the following 
requirements have to be carefully observed : — 

(1.) The gold must always be in a metallic state. Quartz, 
free from other earths and sulphurets, containing very fine 
gold, can be subjected to chlorination without other prepara- 
tion than moistening with water, as described farther on. Sul- 
phuretted ore requires a perfect roasting. The presence of 
lead makes a careful roasting necessary, commencing with a 
very low temperature. All metals, except gold, must be trans- 
formed into oxides. Sulphates are injurious. 

(2.) The chlorine gas must be free from muriatic acid. 
From the generator the gas is forced through clear water, by 
which the muriatic acid is absorbed. The muriatic acid dis- 
solves the oxides, and causes, when sulphides are present in 
consequence of defective roasting, the formation of sulphuretted 
hydrogen, by which soluble chloride of gold is precipitated. 
The muriatic acid dissolves also oxides of metals precipi- 
tated by the addition of sulphate of iron with the gold. 

(3.) There must be no other substances in the charge 
which will unite with the free chlorine, since this would occa- 
sion a great waste of gas, and a failure in the desired separation 
of gold from other metals. 

(4.) There must be no reaction in the mass treated with 
chlorine which will prematurely precipitate the gold before 
the final solution is obtained and drawn off. 
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(5.) In a word, it is required that all the gold, and, if 
possible, nothing else, shall be obtained in the final solution. 
Precipitation and melting then present no special difficulties. 

Generally the concentrated sulphurets from the gold mills 
are subjected to the chlorination process ; but also ores con- 
sisting of quartz and free gold, without admixture of other 
earths or sulphurets, can be treated by this process without any 
further preliminary treatment than reduction to powder. 

Assay of Gold Sulphurets by Chlorination. — Of the 
finely pulverised sulphurets, from five to seven ounces or 
more are weighed out and roasted on a piece of sheet iron, 



Fig. 78.— Chlorination Test Apparatus. 


the edges of which are bent up, and the inside coated over 
several times with clay water and then well dried. 

The roasting may be performed over charcoal or coke, in a 
small stove, or in a large black-lead crucible, through the 
bottom of which a hole is cut for the draft. The sulphurets 
must be stirred with an iron spatula until no sulphurous smell 
is perceptible ; after which a tolerably strong red heat is ap- 
plied. When cold, the sample must be ground over in an 
iron mortar and roasted once more at a red heat. When na 
sulphurous smell is observable the roasting may be cpnsidered 
as finished. 

When cold, the roasted ore must be moistened with suffi- 
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cient water in a dish or cup to make it of a loose or woolly 
consistence, in which state it is best suited for chlorination. 
If the roasting be perfect, the metallic gold can be dissolved 
in chlorinated water and extracted ; but in case there be in 
the roasted stuff a small quantity of sulphurets or arseniurets 
not decomposed, it is more proper to use chlorine gas. The 
extraction is performed in the following way : — 

Into a glass cylinder, c (Fig. 78), from 8 to 10 in. high, 
and 2\ in. wide, provided with a neck, b, near the bottom 
and about f in. wide, is introduced a layer of small clean 
quartz fragments as shown in the drawing, and on this a thin 
layer of coarse and then of fine quartz sand. This quartz forms 
the filter ; pulverised glass can also be employed. Over the 
quartz is then placed the roasted and moistened ore, as loosely 
as possible. The cylinder has a cover of wood or of india- 
rubber, in which a glass pipe is fixed, as shown at c. The 
longer end of this pipe dips into another cylinder, containing 
rolled stiff blotting-paper or pieces of blotting-paper, or shav- 
ings of wood, moistened with alcohol. 

For the generation of the chlorine — say for 20 ozs. of 
roasted sulphurets — a glass vessel, a, is charged with 1 oz. of 
pulverised peroxide of manganese, 4 ozs. of muriatic acid, and 
1 oz. of sulphuric acid, mixed with 1 oz. of water. 

This mixture is shaken up, and the vessel placed on a cup 
or on a piece of sheet-iron covered with sand, with the neck 
•corked. Through the cork a glass tube, a , is fixed so that it 
shall reach about 2 in. below the surface of the water con- 
tained in the bottle, b. 

The chlorine gas is forced through the water, and by this 
means washed from muriatic acid. It is then conveyed 
through the pipe, d, into the ore receiver, c. The apparatus 
is more conveniently arranged if the three tubes, a> d, c, are 
•each made in two parts, the first and last joining at a and c } 
by short india-rubber tubes. The tube, d } is connected below, 
near the cork, b> so that its short horizontal part will serve for 
the discharge of the lixivial when disconnected. As the 
chlorine is not only disagreeable but also injurious, it is neces- 
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sary to cover all corks and joints with wheat flour dough. 
The above quantity of sulphurets (20 ozs.) requires about two 
hours’ roasting, and a receiver, c, 6 in. high and 4 in. diameter. 

The operation can be performed in a room without un- 
pleasantness from the chlorine, because, with the alcohol in 
the cylinder, d, it forms chloral and muriatic acid, which are 
not disagreeable. 

The mixture in the vessel, a, must be moderately heated 
at the beginning. The gas appears of a greenish colour, and 
soon fills the cylinder, c, by which time the finest gold is 
transformed into chloride ; but this is not the case with the 
coarser particles, and with such gold as may be contained in 
sulphurets not decomposed. For this reason the development 
of the gas must continue for at least one hour more, before 
the chlorination is finished. 

If auriferous pyrites is operated upon, the apparatus can 
be taken apart, commencing always with the tube, a , other- 
wise the water from b would be drawn over to a. If com- 
pound ores (galena, zinc, &c.), with free gold, are under 
treatment, the bottle, a, is separated from the apparatus, which 
remains undisturbed for at least fifteen hours. After this time, 
when all is taken apart, warm water is carefully introduced 
over the ore, in order to lixiviate the chloride of gold and 
other soluble salts. The cylinder must be a little inclined, so 
that no fluid shall remain on the bottom, and if the neck 
should be a little too high above the bottom, this can be filled 
level with the outlet with pitch. 

The solution obtained must be mixed first with a few drops 
of muriatic acid ; then a clear solution of sulphate of iron 
{green vitriol), in sufficient quantity, added, and stirred with a 
glass rod. The whole is allowed to stand (if possible, warm) 
till all the gold is precipitated and the solution clear. If a few 
drops of the sulphate solution should effect a slight precipitate 
when added to the clear fluid of the precipitated gold, it would 
prove that too little of the precipitant was used. The solution 
and precipitated gold are introduced into a filter, and washed 
with clean water : then the gold is dried with the filter, and 
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washed with clean water ; after which the gold is again dried 
with the filter in a porcelain cup or in an assayer’s dry cup, and 
then burned, with free access of air. When cold, the ash is* 
mixed with one or two hundred grains of test lead and cupelled 
under the muffle, and the gold button weighed. 
If gold quartz containing only fine gold and na 
sulphurets is under treatment, roasting is not 
required ; but it is necessary to extract the 
metallic iron — which results from pulverising in 
an iron mortar — by means of a magnet. In 
place of the cylinder, c, if such cannot be 
obtained, a bottle, the bottom of which is cut 
off by means of a string, as shown in Fig. 79,. 
will answer the purpose. Or a wooden box of 
a square section may be substituted for the cylinder, provided 
the inside be carefully coated with pitch or asphaltum cement. 

Chlorination Process for Sulphurets and Arseniu- 
rets. — From what has been said before, it will be seen that it 
is essential that each gold mill should be provided with proper 
concentrating apparatus, by which the worthless gangue may 
be separated from the heavier and valuable ore particles. 
Gold ores generally carry a certain percentage of sulphurets and 
arseniurets which are auriferous, and these are collected on the 
concentrators along with some fine gold which has escaped the 
battery and copper-plate amalgamation. If any silver is in the 
ore, the mineral particles are also collected on the concen- 
trators ; but by this it is not implied that concentration in 
every case will prove so perfect as to collect all that is valuable 
in the ore, and a careful watch should be kept over the tailings 
which leave the mill. Frequent assays of the tailings should be 
made, so as to guide the operator in his manipulations. 

Besides iron pyrites and arsenical pyrites, the ores often 
contain copper pyrites, galena, zinc blende, tellurides, &c., and 
whatever is collected on the shaking tables or runners is 
designated by the generic name of concentrates . The nature of 
the ore particles constituting the concentrates will determine 
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the results of the chlorination process and percentage of 
precious metal extracted from them. 

It is a mistaken idea which induces certain operators to 
allow the concentrates to lie for any length of time exposed to 
atmospheric action, whereby a natural decomposition is ex- 
pected to free some of the precious metals, and where nature 
is to effect a similar change to what would take place in the 
roasting furnace. To a certain extent this may be true : the 
concentrates do oxidize, but they clog together and form hard 
lumps which have to be re-pulverized, and it is therefore better 
to dry them at once and then to roast them. 

/There are not many establishments in existence where the 
ores are pulverized and treated at once by the Plattner process, 
without concentration, but since the introduction of the Mears 
process, which will be described presently, it has been found 
practicable to carry out the system with certain classes of free 
gold ores ; and no doubt before long, with an economical pro- 
duction of chlorine, proper appliances, and rapidity of working, 
the amalgamation process will have to give way to chlorination 
whenever the gangue will permit of such treatment. 

Location of Chlorination Works. — This must be chosen 
with reference to the prevailing winds, the fall of the ground, 
and the ready supply of clean water. As the sulphuric acid 
and chlorine vapours are destructive to the machinery of the 
mine and mill, great care is necessary to select a site for the 
furnace from which they cannot be carried to the mill by the 
prevailing winds. The direction of the draught is also in that 
of the winds. For the proper and economical working of the 
process a fall of at least thirty to forty feet is required. The 
water supply, of at least thirty-five gallons per hour, is dis- 
charged into a wooden tank which will hold a twenty-four 
hours’ run. 

The concentrates are delivered at the ore floor of the 
chlorination works, on a level with the charging hopper of 
the upper furnace. They contain on an average six per cent, 
of moisture. 
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Boasting of the Sulphurets. — The presence of galena 
and of copper sulphurets does not interfere with the chlorination, 
provided the roasting be well performed. Gold of very low 
fineness, containing from forty to fifty per cent, of silver, will 
probably resist the chlorination, unless it is in the finest state 
of pulverisation, as the silver forms an impenetrable coating of 
chloride of silver, which can only be removed by a chlorinated 
solution of salt, which dissolves the chloride of silver and also 
that of gold. The formation of chloride of silver would prevent 
the thorough chlorination of the gold particles. The silver 
combined with the gold is not obtained by the chlorination 
process, but only the pure gold, for the reason that the amount 
of silver is generally too insignificant to admit of a remunerative 
extraction by a hot solution of salt. Coarse gold requires too 
much time to be converted into a chloride, so that the ore 
containing such gold is unfit for chlorination. Pan tailings of 
concentrated sulphurets allow an easy and perfect extraction of 
gold by this process. 

The presence of lime and talc {silicate of magnesia) makes 
the chlorination of roasted ore very troublesome, or even 
impossible, but the addition of salt in roasting removes this 
difficulty. If the ore contains lead, the lead may be precipitated 
by sulphuric acid ; it is then necessary to allow at least two 
hours for the precipitation. This is especially required if there 
is a great deal of lead in the ore and the roasting was performed 
with salt. After the precipitate is deposited on the bottom, the 
clear solution containing the gold must be drawn over into 
another precipitating vat, and the gold precipitated by sulphate 
of iron ; or the gold is first precipitated by sulphuretted hydro- 
gen, by which the lime, baryta, &c., which would be precipitated 
as a white powder by the sulphate of iron, remain dissolved in 
the solution. 

The concentrated sulphurets must be subjected to roasting 
while damp, or at least before crusts and lumps are formed by 
oxidation, in consequence of lying too long. Pan tailings of 
sulphurets, however, must be dried, either artificially or by 
exposure to air and sun, and then pulverised by some means so 
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fine as to admit of being sifted through a sieve of from twelve 
to fourteen meshes to the running inch. If these tailings were 
subjected directly to roasting they would bake into hard lumps, 
and the mass would be rendered unfit for chlorination. In all 
furnaces, at the beginning of roasting, at a low heat, the sulphur of 
the sulphurets is set free, and combining with the oxygen of the 
air produces volatile sulphurous acid, which is well known by its 
sharp, suffocating odour. The metals, by losing a part of their 
sulphur, are converted into oxides and sulphates, in which the 
iron sulphates are predominant. Sulphate of iron is the pre- 
cipitant of the chloride of gold ; its presence in the roasted ore 
is therefore very objectionable, and it is necessary to increase 
the heat by degrees, in order to decompose the sulphates and 
to form oxides. 

Roasting Arsenical Pyrites. — Similar to this is the be- 
haviour of auriferous arsenical pyrites when subjected to roast- 
ing. Arsenious acid escapes under the influence of heat and 
oxygen, while oxides and arseniates remain, the latter being 
further decomposed to oxides by increased heat. At the same 
time all metallic iron derived from grinding or stamping must 
be converted into an oxide. 

After the sulphur and arsenic have been expelled, the gold 
remains in a free, metallic condition, and can be easily detected 
by pulverising and washing a small portion of the roasted stuff. 
While the formation of oxides and sulphates or arseniates is 
going on the gold is set free, and remains so during the whole 
process. When salt is used in roasting, the gold, according to 
Plattner, first forms chloride of gold (Au Cl 3 ) far below red heat. 
At 200° C. it loses a part of its chlorine, and at about 240° C. 
changes into a sub-chloride (Au Cl), which is not soluble in 
cold water. At a red heat it is converted into metallic gold. 

There is hardly any loss of gold in roasting, and only in 
cases where the roasting is performed very rapidly are the finest 
gold particles carried off by the volatile products of roasting* 
In submitting, however, auriferous silver ores to a chloridising 
roasting with salt, great care has to be used, as during such 
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roasting large portions of gold may become volatilized, a 
experiments in Australia and California have shown. Experi 
ments made in the latter country have also shown that sul 
phurets which have been roasted for more than thirty hour 
without interruption have yielded 90 per cent, of the gold a: 
compared with the fire assay. The tailings always containec 
some gold, so that very little or none of it was lost during th< 
roasting. 

The Roasting Furnaces . — Single Roasting Furnaces .— 
Figs. 80 and 81 show the longitudinal section and plan of s 



Fig. 80.— Roasting Furnace. 


roasting furnace for one ton of sulphurets at a charge ; a is the 
hearth bottom, about 12 ft. square. It is made of the hardest 
bricks, laid edgewise, close together, forming a stratum of 4 in. 
in thickness. There are four working doors, c, c, which enable 
the roaster to reach all points of the hearth conveniently with 
light rakes. In the middle of the length at the bottom, near to 
the doors toward the chlorination vats, is a square discharge- 
hole, b , which is kept shut by a slide, d , during the roasting. 

Below the floor is an arch through the whole width of the 
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furnace, through which the hole, passes. An iron car on rails 
receives the roasted ore when discharged, and wheels it to the 
cooling place. 

The bridge, <?, is from 10 to 1 2 in. wide, and from 8 to 10 in* 
high. It separates the hearth from the fire-place. If possible, 
it should be made of some refractory material, like fire- 
bricks. 

The outside wall, /, is often made 12 in. thick, but it is 
always better to give sufficient substance to the wall on account 
of the heat, and at the same time to obtain a strong support 
for the roof ; the thickness ought not therefore to be less than 
24 in. Economy here would be misplaced. 

The roof is generally 20 in. above the bottom, as the 



Fig. 81.— Section of Single Furnace. 


greatest distance ; if it is less, although the form of the furnace 
is improved, it is less likely to be durable, unless the work is 
perfect. The length of the bricks gives the thickness of the 
arch, that is 8 in. This arch, if all the bricks are placed per- 
pendicularly, will stand a great deal longer than one of 12 in. 
thickness, when the bricks are laid with the long sides alter- 
nately horizontal and perpendicular. 

There are three circular openings, h h> in the roof, each 
10 in. in diameter, communicating with the chimney by the flue, 
opposite which is a small door, k , for the purpose of cleaning 
the flue, /, from time to time. For the same purpose an open- 

N 
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ing must be prepared in front. The best way to regulate the 
draft is by means of a cover, n 9 on the top of the 
||^ chimney ; but when there are two or more furnaces 
to one chimney, a damper in the flue, z, will answer 
the purpose. 

The sulphurets are charged through the roof 
by means of a hopper* It is of importance to secure 
the furnace against expansion by the use of grappling 
irons, of which there are eighteen. 

The iron rods crosswise are from f to f of an 
inch in diameter ; the others, /, which are placed 
over the length of the furnace, are stronger — being 
1 in. The grappling irons (represented in Fig. 82) 
ScaleTh^h are nia( ^ e cast iron, an d are about 4 ft. long. 
= i foot. F or ^e passage of the rods of the lower ends, 
square holes, /'(Fig. 81), are provided through the 
masonry of the furnace. Another kind of grappling irons is 
shown in Fig. 83. They are of wrought iron, and must be at 
least 1 in. thick. They are cheaper than those of cast iron, 
but the latter are preferable. 


9 1 


Double Furnaces. — This kind is represented by Fig. 84. 
The heat which escapes from the single furnaces is 
conveyed through the flue, e , over the upper hearth, 
b 9 of the same size, having the working door on the 
opposite side. On this second hearth the ore loses 
a great deal of its sulphur, and is drawn through a 
discharge hole in the middle of the floor on to the 
lower hearth, where the roasting is finished. From 
b the heat must pass a third hearth, a , before it 
enters the chimney. It is a drying rather than a 
\) roasting place, as the heat is very moderate. Some 
furnaces of this kind have an auxiliary fireplace for 
the second hearth, which, for the roasting of 
auriferous pyrites, is entirely superfluous, but would 
assist in a chloridizing roasting of silver ores. 

In Freiberg, Saxony, there were three double furnaces for 
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the roasting of lead ores for smelting purposes. These three 
furnaces have been combined into one, as represented by Fig. 85. 
The heat passes the lower three hearths, and then, ascending 
through the flue, the upper ones. From the flue, a , it is con- 
ducted over the drying hearth, b, built in the same way as a in 



Fig. 84.— -Double Furnace. Scale & inch = i foot. 


Fig. 84 ; from b the ore is drawn on to the next lower hearth, 
c , through /, and is removed after two hours to d, where it is 
again exposed to the heat for two hours. 

Every two hours the ore advances a step till it arrives at e , 
where the strongest heat has now already a half-smelting effect 
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Fig. 85.— Double Furnace. Scale & inch = i foot. 


j upon it. Every two hours one charge of 800 lbs. of roasted 
ore is obtained from the hearth, e . The lower furnaces have two 
working doors each, the upper one three. There is not much 
stirring in this operation, and a kind of shovel is more in use 
-than the hoe. The fuel used is coal. 
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Pontgibaud Furnace. — A different construction is shown 
in Figs. 86 and 87. The first is the plan, the second a 
section, of a furnace built by Mr. Deetkin, in Grass Valley, 
for the sulphurets from the Eureka mine. The construction is 
like that of the roasting furnace for lead ores at Pontgibaud. 
The upper hearth is above the lower, and a continuation of 
it, interrupted by a step flue, a, of 7 ft. 10 in. in height — in the 



Fig. 86.— Plan of Pontgibaud Furnace. Scale ,V. inch = i foot. 


drawing, less. The upper hearth is 6 ft. wide by 39 ft. in 
length, furnished with working doors upon each side, twelve in 
number. The chimney, b, about 25 ft. high, is built after Deet- 
kin’s cheap plan, of 4 in. thickness, 28 in. each side in the clear. 

This kind of furnace requires more room than the double 
furnace (Fig. 84), but the work of stirring is less tiresome, as 
the roaster is not obliged to constantly step up and down. 



Fig. 87.— Section of Pontgibaud Furnace. Scale & incb= i foot. 

Another advantage is the extent of the upper hearth, which 
receives 9 tons of ore without difficulty ; whereas the charging 
of a three or four story high furnace is very troublesome unless 
favoured by a sloping locality. The rising flue, a, Fig. 87, is 
not necessary ; on the contrary, it uselessly consumes a part of 
the heat. There is also no special advantage in making the 
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second hearth narrower, for although the heat is more con- 
tracted, the length must increase for the same quantity of 
sulphurets. 

A roasting furnace ought to consist of at least three hearths, 
constructed like those shown in Figs. 80, 81, but arranged 
similar to the lower tract of Fig. 87. By this means it is pos- 
sible to draw every ten or twelve hours a ton of roasted sul- 



Fig. 88.— KUstel’s Roasting Furnace. 


phurets from the hearth near the fire-place. It takes about 
24 hours to roast a ton of sulphurets. The only way of shorten- 
ing the time is by the use of long furnaces, in which a great 
quantity of stuff is gradually prepared by being moved in suc- 
cessive portions towards the fire-place. 

Kilstel’s Roasting Furnace is shown in Fig. 88, which 
|s on a scale of 8 ft. to 1 in. In this furnace there are two very 
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important improvements. The first consists in breaking the 
straight line of the long furnace. The working doors, g g , are 
placed so that no lateral work is performed ; only drawing and 
pushing on an inclined hearth is required. The ore is intro- 
duced through the hopper, n , on the upper hearth, 0, spread 



Fig. 89.— Kustel’s Roasting Furnace. 


equally, and after an hour’s time drawn at g" and pushed from 
g' upon the second inclined hearth, b, and from this upon the 
third, c, in the same way. No stirring is required unless very 
difficult ore is under treatment. The moving of the ore from 
one end of the furnace to the other is generally sufficient. The 
necessary heat is kept up by two or three fire-places, h h. The 
gases pass through the flue, m, above the roof into the dust 
chamber, d , and escape through the chimney, e. The arrange- 
ment of having the working doors at the end of the long sides 
enables the roaster to do a great deal more work than if tired' 
out by the old way of moving the ore toward the fire-bridge. \ 
The other improvement is the chloridizing chamber, K, in " 
Fig. 89. The purpose of this chamber is to shorten the time 
of roasting. It has been ascertained that the ore at rest in a 
red-hot condition continues to be chloridized when drawn out 
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of the furnace. The ore falls through the opening, 0 , into the 
chamber, and remains there red-hot for two or four hours as 
may be required. Chlorine and volatile chloride metals, which 
are evolved, pass into the furnace and continue to chloridize 
the ore all along the furnace. In case there is no sulphur in 
the ore sulphurous acid gas can be introduced through the 
pipe, /, simply by burning sulphur. The sulphurous gas is 
transformed into sulphuric acid and liberates the chlorine from 
the salt. 

The inventor claims that a furnace of this kind, by the aid 
of the chamber, k, can put through from 15 to 20 tons of ore 
in 24 hours, employing two shifts of three men each, consum- 
ing less than one-fifth of a cord of wood per ton of ore. 

Bruckner’s Cylinders. — Bruckner's revolving cylinders 
for roasting ores are used not only in the chloridizing roasting 
of silver ores, but also in the oxidizing roasting of iron pyrites 
which contain gold. 

Fig. 90 is an elevation of the cylinder in perspective ; Fig. 
91 is a longitudinal, and Fig. 92 a transverse section. The 
exterior of the cylinder is a shell of boiler iron, 12 ft. long 
by s ft. 6 in. in diameter. The ends are partially closed 
with similar material, leaving in the centre a circular opening 
about 2 ft. in diameter, bounded by a flange projecting several 
inches. Upon one side is placed an opening closed by a 
hinged door. Upon the outside of the cylinder are bolted 
three bands, as shown in Fig. 90, in which the section of the 
first is square, and that of the third semicircular ; the second 
or middle band is a strong spur gear. Passing through the 
cylinder are six pipes parallel to one another, in a plane at an 
angle of 15° to the axis of the cylinder; these pipes also lie in 
this plane at an angle of from 30° to 35 0 to the longitudinal 
axis of the plane, as shown in Fig. 91, where the internal 
arrangement of the cylinder is seen, a perforated diaphragm 
being formed through part of the cylinder by means of per- 
forated plates placed between the pipes, the plates being held 
in place by longitudinal grooves upon these pipes. 
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The entire cylinder is lined with brick (common building 



bricks have been found to answer the purpose very well), the 


Fig. 90. — Bruckner’s Cylinder. 
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bricks being placed in the following manner : — The entire side 
of the cylinder is covered with one layer, laid flatwise, thus 
forming a lining about 2 \ in. thick; there is an additional 
layer extending from each end of the cylinder about 15 in. to 
the centre of where the nearest pipe passes out ; then addi- 
tional concentric layers are added thereon, until the circle is 
contracted down to the size of the opening in the end, which 
is also lined, and each layer falls short of the preceding one 
by about 2 in., thus giving the end linings a conical form, the 
entire lining being laid in a mortar of one part fire-clay, two 
parts pulverised old fire-brick and water, all thoroughly mixed 
and beaten. The cylinder is supported upon four large fric- 
tion rollers, two of which have a groove on their periphery, to 
loosely receive the semicircular band, and thus holding the 
cylinder longitudinally in place. The other two friction rollers 
are made without a groove, and bear upon the square band, 
thus accommodating themselves to the expansion and contrac- 
tion of the cylinder, or any irregularities of form, all of which 
are seen in Fig. 90. Rotary motion is given to the cylinder 
by means of a pinion placed under the cylinder and gearing 
into the spur gear-band. Upon the other end of the pinion 
shaft are placed two bevel wheels, into which gear two match 
wheels, which latter are loose upon the driving shaft, standing 
at right angles to the pinion shaft. Either of those wheels can 
be attached to the driving shaft, thus communicating the speed 
of revolution of one or the other of the bevel gear as may be 
desired. 

Inasmuch as by wear or settling the axis of the cylinder 
may possibly be thrown out of proper line, the following means 
of adjustment are provided, but not shown in any of the figures, 
viz : — Each journal box of the friction rollers is held in position 
by adjusting screws, by which it can be moved horizontally to 
or from the centre line of the machine, thus giving entire 
control of the lateral and perpendicular adjustment of the 
cylinder which they support. 

The circular flange of one end of the cylinder loosely pro- 
jects into a fire-box, best seen in section to the left of Fig. 91. 
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Fig. 91.— Bruckner’s Cylinder. Longitudinal Section, 
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The other end projects into an opening communicating with 
dust chambers and a chimney. There is placed in the bottom 
of the flue a shoe projecting into the cylinder, which catches such 
dust as may fall back, and returns it into the cylinder in lieu 
of allowing it to escape through the crevice between the 
cylinder flange and opening into the flue. A door is placed 
in the flue opposite the opening, through which the interior 



Fig. 92. — Bruckner’s Cylinder. Transversal Section, 


of the cylinder and its contents can be readily examined at 
any time. 

Bruckner's cylinder has been found to give excellent results 
in roasting the compound auriferous pyritic ores to be treated 
by the Plattner process, in which case a small quantity of char- 
coal is subsequently introduced to the charge, so as to facilitate 
the decomposition of the resultant sulphate of copper. 
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The Operation of Roasting. — Roasting the sulphurets or 
arseniurets is very simple, the principal aim being a perfect 
dead roasting — that is, the expulsion of all sulphur. After the 
furnace has been heated for some hours, the sulphurets are 
introduced through a hopper above the roof into the furnace, 
and spread over the hearth. A furnace such as shown in 
Fig. 80 takes one ton at a charge. One man is sufficient to 
attend the furnace. The fire is kept moderate, as the burning 
of the sulphur creates so much heat that nearly half of the 
sulphur contained is expelled thereby. On exposing a new 
surface of the mass (which in a short time becomes dark red 
hot) to the air, the burning sulphur having a bluish light can 
be seen distinctly. The hoe is principally used for stirring. 
It must be as light as possible, and is represented by Fig. 93. 
The plate, a , is made of boiler iron, 10 in. by and } of an 


a 
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/ 

FiG/93— Hoe. 




in. thick, and riveted to the round iron rod, *- of an in. in 
diameter, and 7 to 8 ft. long. One or two hoes are required 
on each side of the furnace. 

The stirring is performed at intervals of about fifteen 
minutes. Whatever may be said about the uselessness of 
continual stirring, the fact must not be overlooked that sul- 
phurets exposed to the air are sooner deprived of their sulphur 
than those which are nearest the hearth and excluded from 
undecomposed air. If this were not the case even a par tial 
stirring would be useless. For that reason the intervals must 
be only of such length as is necessary for the relief of the 
roaster. 

Proper attention should be paid to the regulation of the 
draught, to keep the quantity of air which enters the furnace in 
proportion to the heat ; and while the sulphur is burning it is 
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better to leave some of the working doors open, so as to supply 
plenty of air to the burning sulphur, but taking care that the 
heat is not lowered too much. 

There is no advantage in having a very high heat at first, 
and it is better on single-hearth furnaces to roast at the 
beginning with a low heat and finish with a high heat ; but a 
proper regulation must be maintained so as to avoid the 
balling of the ore, or melting into lumps. 

The ore should be changed from the front part of the 
furnace to the back, and viceversA , as there is necessarily more 
heat near the fire bridge, and this precaution will give the 
whole ore mass a chance to be exposed to the higher tempera- 
ture of the furnace. 

In proportion as the oxidation of the sulphur and iron 
approaches completion the temperature decreases, and it is 
necessary to use more fuel, so as to keep the mass at a good 
red heat. It takes from twenty to twenty-four hours before 
the roasting of one charge may be considered finished. If in 
throwing up the sulphurets in the furnace by means of the hoe 
or shovel many brilliant sparks should appear, this would 
indicate that the roasting has been carelessly performed, and 
it must be continued until this appearance ceases. 

In a double furnace, Fig. 87, the heat in the lower hearth 
is always kept bright. One ton is roasted below, and about 
nine tons are spread on the upper long hearth. There are 
two roasters busy at the same time, one with the finishing, the 
other with the preparatory roasting, but they assist each other 
if needed. When one charge is drawn into the iron car 
below the hearth, the other load is shortly beforehand pushed 
down from the upper hearth, c , through the flue, a , and is now 
ready at d to be drawn into the furnace by means of hoes 
through the doors, e e . There is another door, g, behind the 
flue hearth for the same purpose. This charge is exposed 
to the preparatory roasting for about twenty-four hours on the 
upper hearth, and consists of a small part of undecomposed 
sulphurets and of oxides and sulphates. At a lively heat and 
with active stirring at intervals, all the base metals ought, 
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undecomposed air. If this were not the case even a partial 
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draught, to keep the quantity of air which enters the furnace in 
proportion to the heat ; and while the sulphur is burning it is 
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whole ore mass a chance to be exposed to the higher tempera, 
ture of the furnace. 
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necessary to use more fuel, so as to keep the mass at a good 
red heat. It takes from twenty to twenty-four hours before 
the roasting of one charge may be considered finished. If in 
throwing up the sulphurets in the furnace by means of the hoe 
or shovel many brilliant sparks should appear, this would 
indicate that the roasting has been carelessly performed, and 
it must be continued until this appearance ceases. 

In a double furnace, Fig. 87, the heat in the lower hearth 
is always kept bright. One ton is roasted below, and about 
nine tons are spread on the upper long hearth. There are 
two roasters busy at the same time, one with the finishing, the 
other with the preparatory roasting, but they assist each other 
if needed. When one charge is drawn into the iron car 
below the hearth, the other load is shortly beforehand pushed 
down from the upper hearth, c , through the flue, a , and is now 
ready at d to be drawn into the furnace by means of hoes 
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upper hearth, and consists of a small part of undecomposed 
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4 to 5 in. in thickness. This filter remains always in the vat ; 
the shovelling out of the residue, therefore, must be done care- 
fully on approaching the filter bottom. There are two holes 
communicating with the space below the false bottom. One is 
for the reception of the lead pipe, d , by which the chlorine is 
introduced ; the other is provided with a leaden cock, e, for the 
discharge of the lixivium. This discharge side of % the vat 
stands in. lower. 

The wooden vat would absorb a great deal of the gold in 
solution, if the inside were not coated with some material 
which prevents the soaking in of the fluid. Mr. Deetken, who 
first introduced this process in California, uses one part pitch 



Fig. 95.— Chlorination Apparatus. 


melted with one part of tar. This is a cheap and suitable 
mixture, and is applied hot by means of a brush. It is a 
matter of course, also, that the boards of the false bottom be 
coated carefully on all sides, as well as the whole of the inside. 

There are also vats or tubs 5 ft. in diameter and 3 ft. 
high, holding 2 tons of sulphurets. Three or more of them 
are arranged in one row, as shown in Fig. 75, a a. They are 
conveniently managed, and are to be preferred where small 
charges of custom ore are to be treated. The usual charge of 
a vat like that shown in Fig. 94 is 6 tons of roasted sulphurets. 

Chlorination vats with a greater diameter are preferable to 
higher tubs of the same capacity, for the reason that a low 
column of sulphurets assumes a less dense condition; and 
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also because of the greater cubic contents of the free space 
above the sulphurets, which is filled with chlorine, so that an 
accidentally greater consumption of the gas can be replaced. 

The cover, g, Fig. 94, must fit as well as possible in the 
step of the vat side, but not too tight ; the planks, however, 
have to be fitted together tightly with tongue and groove. 
For the purpose of lifting, there are generally three or four 



Fig. 96.— Chlorine Generator set in Furnace. 
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chains fastened to the cover. Ropes are of no use, as they are 
destroyed in a short time by the gases. After the ore is sifted 
into the vat, and spread evenly, it is ready for chlorination. 

Treatment of the Ore with Chlorine Gas.— The chlorine 
is produced in a leaden vessel, as shown in Figs. 96 and 97. 
The first (Fig. 97, a) is a vertical cross section, Fig. 97, b, 
a top view with the cover on. The circular tub, a , has an outer 
ring, it, 6 in. deep, for the reception of the ring-shaped side 
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of the cover, b. A similar small ring, a\ is on the top of the 
cover, which receives the collar, c> fastened to the leaden stirrer, 
/. There is also a short leaden pipe, g, bent in the shape of the 
letter S, through which the sulphuric acid is introduced, the 
outer end forming a funnel for this purpose. Another lead 
pipe, d, conveys the chlorine to the vat. The cover is taken 
off, and for a charge of three tons of roasted sulphurets the 
ollowing materials are introduced : 30 lbs. of pulverised 
peroxide of manganese; 30 to 40 lbs. of common salt, 



Fig. 97. — Chlorine Generator. Scale $ inch = i foot. 


according to quality; 75 lbs. of sulphuric acid, of 66 degrees; 
and 45 lbs. of water. 

The water, salt, and manganese are introduced first, and 
the generator covered. The bottom is made of 16-lb. and 
the sides and cover of 8-lb. sheet lead. The two rings, c and 
', are filled with water, and thereby the contents of the 
nerator shut up air tight, with the exception of the two lead 
es, g and d, of the cover. The gas generator stands over a 
11 furnace, as represented in Fig. 96. The sulphuric acid is 
introduced through the pipe g, Fig. 97, but not all at once. 
; bottles are generally sufficient to create so much heat 
^ie development of the gas takes place in sufficient 
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quantity. No fire is made as yet under the generator. 
The chlorine is not conveyed directly to the chlorination 
vats, but through a purifying apparatus, as represented in 

Fig* 98. 

An ordinary wash basin, or some similar vessel, b, receives 
two i-in. lead pipes One of them, a , conveys the chlorine from 
the generator, and is bent a little upward. The other is bent in 
the same way, but stands higher. Both ends are covered with 
a bottle, the bottom of which is cut off. There is sufficient 
clean water in the dish to stand one half or three-quarters of an 
inch above the mouth of the pipe, a, so that all the gas which 
enters the space in the bottom is forced through the water, which 
takes up the muriatic acid. The chlorine then passes through the 
pipe, a", which is as long as may be required by the distance 
of the vat, enters the space below the false bottom, and gradually 
permeates the ore. The water through which the gas passes 
absorbs, if cold, about two and a half volumes of the chlorine, 
and is then saturated, but is still good for the purpose of taking 
up muriatic acid. The warmer the water is the less chlorine is 
absorbed. It is therefore wrong to introduce a continual stream 
of cold water into the wash basin, a , as is sometimes done, 
as a good deal of the chlorine is thereby lost. The water in the 
basin may be renewed once or twice during the operation with 
warm water. 

This apparatus is not only for the absorption of muriatic acid 
— since, if a portion of the acid should happen to enter the vat, 
and, forming sulphuretted hydrogen, precipitate metallic gold, 
this would be converted again into a chloride in presence of abun- 
dant chlorine — but the apparatus is an indispensable indicator 
of the progress in the gas generator. The bottle, b, Fig. 98, must 
show a greenish gas, and the bubbling from the pipe, a, must 
be very lively. If this should not be the case another bottle of 
sulphuric acid must be introduced, and the addition continued 
as often as the development of the gas becomes weaker. After 
the last bottle has been used up a moderate fire must be made 
below the gas generator. The arch, as shown in Fig. 76, is 
very flat, and only two inches thick in the middle. Care 
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must be taken to have a half-inch layer of sand over the 
arch. An open crack would cause the melting of the bottom 
of the lead vessel. It is also necessary to turn the stirrer,/, 



now and then, carefully, to 
prevent the caking of the in- 
gredients. 

The vat, after the ore has 
been sifted in, as before de- 
scribed, is left uncovered. It 
takes from three to six hours 


top of the charge. The progress can be easily watched by 
taking samples from underneath the surface. When the smell 
of the chlorine odour is perceived within a few inches of the 
surface of the charge, the cover is laid over the vat, and the 
edge, *, Fig. 94, all around the cover, luted with wheat flour 
dough. If there be any cracks in the cover they must. be care- 
fully pasted so that no chlorine can escape anywhere. The 
only opening not shut is a hole one inch in diameter, k ; but 
as soon as the gas commences to escape, that is plugged up and 
secured with dough. 

The chlorine is now permitted to operate on the gold for 
twelve or eighteen hours. If the vat holds five or six tons, 
the gas generator can be put in operation before the vat is 
entirely filled with ore, because the ascension of the chlorine is 
also slow. The pipe, is removed and the hole plugged up. 

All the apparatus should be examined at intervals to see 
that there is no loss of gas, or at least whenever such loss may 
be perceived by the odour. For this purpose ammonia serves. 
A glass rod dipped into it and carried close around the place 
where the loss is indicated by the smell, will immediately give off 
white fumes when in contact with the chlorine, and show the 
place where it escapes. To prevent the drying of the dough 
around the cover it may be covered with strips of wet cloth. 

For the production of chlorine the following formula is also 
used : 1 part manganese, 2 parts muriatic acid, 1 part sulphuric 
acid diluted with 1 part water. 
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Lixiviation. — After twelve, or if the sulphurets contain 
coarser gold, after fifteen to eighteen hours, the cover is taken 
off and water introduced. If it should happen in taking off the 
cover that no gas is found over the ore it will be advisable to 
phut the vat and to immediately impregnate the ore again with 
chlorine, as in nine cases out of ten the extraction of gold will 
fall short. This, however, with proper management, does not 
often occur. 

Before taking off the cover from the vat, the plug can be 
removed from one of the vent-holes, and by holding a glass 
rod dipped in ammonia before the vent-hole, the evolution of 
fumes will indicate the presence of chlorine above the ore. 

The water should flow in quickly, and in such a way as not 
to strike on one point, and thus produce a deep hole in the 
mass. The cock, e, is shut, and the water-flow continues until 
the surface of the charge is covered and no air bubbles appear. 
The water is then stopped, and the cock, e f opened. A small 
stream of water running into the vat must replace as much as 
flows through <?,and so keep the surface of the ore always covered. 

The respiration of the chlorine is injurious, and it is there- 
fore advisable to avoid the inhaling of the gas as much as 
possible by leaving the room until the gas disappears. The 
best plan is an arrangement by which the gas can be carried 
out of the building ; for instance, to put a movable wooden pipe 
6 in. square about the proposed opening, l — or it may be more 
convenient to fix a lead pipe through the side of the vat, near 
the top, through which the gas will be forced by the entering 
water out of the building. In this case the water would have 
to be conveyed by india-rubber hose through the opening, /, of 
the same size as the hose. In order to prevent the stream of 
water making a hole into the ore, a perforated wooden distri- 
buter fixed to the cover, as shown in Fig. 94, would answer 
the purpose. 

It is advisable to collect as much gold as possible in a 
small volume of water, and the best results are obtained by 
letting a shower of water percolate the ore. This, in travelling 
slowly through the ore mass, takes up nearly all the gold which 
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permits of an easy precipitation. The gradual displacement of 
the surplus chlorine can be effected through a discharge pipe 
fixed in the top side of the vat and passing into another leach- 
ing vat, and this will allow of the operation being carried out 
while the cover is on the vat. 

A trough below the cock, e, receives the solution and con- 
veys it into the precipitating tub, e> Fig. 95. The trough must 
be lined with sheetdead, avoiding sharp corners, or at least it 
must be well coated with tar and pitch in default of sheet 
lead. Great care must be taken to prevent the waste o^the 
solution. Not a drop of it should be seen outside the trough. 

The Precipitating Vat (e, Fig. 95) is a wooden tub like 
the chlorination vat (Fig. 94), but without a false bottom. The 
staves must fit together perfectly. A vat 4 ft. in diameter and 
3 ft. high is sufficient to receive the solution of three tons of 
ore. Deetken’s ten-foot vat, containing six tons of sulphurets, 
requires two precipitating vats, the one 5 ft. and the other 6 ft. 
in diameter, and each 2 ft. high. The vats ought to be lined 
with sheet lead. A better shape would be a rectangular box, 
having a half-round somewhat inclined sheet-lead bottom, as 
this would permit easier and better cleaning. In default of a 
leaden lining, the vats must be coated with a mixture of pitch 
and tar, otherwise the wood absorbs some of the gold solution. 
A better and smoother coating is obtained by the use of the 
so-called “ asphaltum cement,” which should be applied twice 
before it is ready for use, as the cement is too liquid for a single 
coating. A very smooth surface of the vat is important, else it 
is difficult to gather all the finely precipitated gold. 

From time to time samples are taken in a clean white glass 
tumbler from the solution at the end of the trough, when it 
is observed whether an addition of a clear solution of sul- 
phate of iron (green vitriol) causes a dark precipitate. If 
the solution after the addition of the precipitant should remain 
perfectly clear, the water supply in the chlorination vat must 
be stopped, and all the liquid contents of the vat permitted to 
flow into the precipitating vat. 
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Precipitation. — The precipitant for the gold is a solu- 
tion of sulphate of iron. It is known also under the name 
of “ copperas,” or green vitriol, and is in light green crystals. 
Dissolved in water it generally makes a muddy solution, and 
deposits light sediment, which must not be disturbed in draw- 
ing off the clear solution from above it. For this purpose a 
leaden syphon will answer, but it is, however, better economy 
to prepare the precipitant fresh in the chlorination works. In 
a barrel or tub of about ten cubic feet contents are put 50 to 
60 lbs. of pieces of old wrought iron ; then five or six buckets 
of water are added, with 20 to 30 lbs. of sulphuric acid. 
This is prepared two or three days before the solution is re- 
quired for use. One or two buckets of this solution must 
be poured into the precipitating vats before the gold solu- 
tion is allowed to flow in, so that the precipitation may 
begin immediately. After this is added as much of the pre- 
cipitant as is required, which can be ascertained by taking a 
sample out of the precipitating vat, passing it through filter- 
ing paper, and mixing it with the precipitant. If after a 
time the mixture should darken, a little more of the iron 
solution must be introduced into the precipitating vat. The 
precipitating gold requires some time before it is all deposited 
on the bottom. The fluid must appear perfectly clear before 
the water can be drawn off. Generally the mixture stands 
undisturbed all night. The upper plug of <?, Fig. 95, is re- 
moved, and the clear liquid conveyed into another vessel,/, 
of sufficient capacity, till it is nearly all run out of the preci- 
pitating tub through all the plug holes. The discharge must 
be performed carefully, so that the flow shall be always clear. 

It is better if several chlorinations have been performed 
before the gold is taken out, as with a large quantity of gold 
there is a less percentage of loss by wastage. The gold is taken 
out carefully by means of a dipper or scoop and put into a clean 
porcelain dish or enamelled vessel, and the rest is washed out 
through the lowest cock. It is well to run a jet of water over 
the sides and bottom, to wash off all the precipitated gold. 

The gold obtained is then introduced into a paper filter, and 
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subsequently dried in an iron porcelain vessel in a warm place 
or over fire. For melting purposes black-lead crucibles are 
less suitable than “ Hessian ” or clay crucibles; from the latter 
a purer gold is obtained. A little salt, some borax, and salt- 
petre are added as fluxes. 

Zinc, antimony, and lead are not obstructive to the extrac- 
tion of gold by chlorination, but it has not yet been determined 

by experience whether 
or not a great amcyint 
of galena would to any 
extent prevent chlori- 
nation. In all cases 
the presence of galena 
necessitates a good 
roasting and a strong 
finishing heat, in order 
to decompose the sul- 
phates as much as pos- 
sible. If the roasting is 
not properly finished, 
the undecomposed sul- 
phurets and sulphates 
will absorb a great deal 
of chlorine, and the 
chloride of lead and 
antimony formed will be carried into the precipitating vat. Both 
are precipitated as a white powder (as chlorides) by dilution 
with the leaching water. It often occurs that such ore is accom- 
panied by lime or calcareous spar ; in this case the lixivium 
will contain chloride of lime, which is precipitated with the 
gold as gypsum, unless precipitated beforehand and separated 
by the addition of sulphuric acid. Heavy spar will probably 
behave like calcareous spar, and be precipitated by sulphuric 
acid. 

The question in regard to the utilisation of the chlorine 
which remains in the vat after the chlorination of the gold has 
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been finished must be decided by a practical trial. A vat of 
7 ft. diameter and 2 ft. high, when filled with roasted ore to 
within 6 in. of the top, leaves about 47 cubic feet of space 
for the chlorine, as the moistened stuff contains more than 
50 per cent, of interstitial space. Provided the roasting be 
well performed in 
auriferous iron pyri- 
tes, the whole free 
space in the vat will 
be filled with chlo- 
rine after the pro- 
cess of chlorination 
is finished. This 
ought to be the case 
under all circum- 
stances; and if the 
roasted stuff con- 
sumes more gas than 
usual, it must be re- 
placed by an ad- 
ditional quantity. 

__ . . Fig. ioo.— Section of Chlorination Works. 

Having then two 

chlorination vats, the communication between them for the 
purpose of conveying the chlorine from one to the other is 
easily obtained by the lead pipes, each leading from the 
upper part of one to the empty space (c, Fig. 95) of the other, 
the pipes being provided with cocks. As soon as the water is 
admitted through the hose into the vat, the chlorine will 
escape through the lead pipe into the other already prepared 
vat. It will be necessary then to fix a glass tube, bent in the 
shape of a horse-shoe, into the upper part of the vat, so that 
the height of the water above the ore can be seen and 
regulated accordingly. The chlorine transferred into the other 
vat will require a certain additional quantity from the generator. 

Chlorination Works. — Their general arrangement is 
shown in plan and elevation in Figs. 99 and 100. 1 is a 
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Bruckner cylinder, in which the ore undergoes a preliminary 
roasting to remove such precipitating agents as sulphur, anti- 
mony, and arsenic. The leaching vats are at a, the precipi- 
tating vats at b, trucks to remove spent ore at c, the gas 
generator at d, and the waste tub, where the water runs through 
sawdust, at e. 

Cost of Treatment by Plattner’s Method. — The ex- 
penses of working by this method are rather high, especially 
where the ordinary reverberating furnaces are still in use. % 

At a small 8-stamp mill in Amadar county, California, the 
superintendent informed me ,that the ore which is run from the 
battery over copper plates is concentrated, the sulphurets 
having an average value of £22 per ton. Their treatment 
cost ^4 per ton, leaving ^18 profit. The average proportion 
of sulphurets per ton of ore was 5 per cent., and the yield of 
gold obtained from the sulphurets about £1 per ton of ore. 

Loss of Gold in Chloridizing Roasting by Volatiliza- 
tion. — Mr. C. A. Stetefeldt, an eminent American engineer, 
has investigated the subject of the loss by volatilization of 
gold during chloridizing roasting, a matter of great importance 
when treating auriferous silver ores. He found that the loss 
in gold in some Mexican ores, when roasted in a reverberatory 
furnace, amounted from 53 to 88 per cent. 

He says that there is no doubt that the volatilization of the 
gold takes place with that of the copper chlorides, in case of 
coppery ores. The loss increased with the quantity of these 
chlorides formed and then volatilized. It is therefore essential 
during roasting to avoid the formation of a large quantity of 
copper chlorides. Temperature and time of roasting must 
also influence the result. Against this, however, he quotes an 
instance where 80 per cent, of the silver and from 68 to 85 per 
cent, of the gold were lost in chloridizing roasting with ores 
which did not contain copper. 

Plattner speaks of the loss of gold in oxidizing roasting, but 
entirely neglects chloridizing roasting. G. Kiistel records . a 
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loss of 8 per cent of gold in roasting telluride ores with salt, 
and states that by increasing the temperature and time of 
roasting the loss in gold may be 20 per cent and more. Mr. 
Aaron suffered heavy losses in the chloridizing roasting of 
gold-bearing sulphurets. In Australia, the chloridizing roast- 
ing of gold ores was abandoned on account of heavy losses. 

A very large portion of the volatilized metal should be 
regained with proper condensation, and considerable attention 
is being paid now to the question of condensing fumes from 
roasting and smelting furnaces. Experiments on the electrical 
collection of metallic fumes and dust, which have been made by 
Mr. A. O. Walker in England, point to a successful solution of 
the problem. 

Proposed Condensation of Fumes by Electricity. — 
Mr. Walker proposes to lead the fumes through dust chambers 
or flues, as is usual with smelting or roasting furnaces. He 
collects the fine particles of metals suspended in the fumes by 
means of a discharge of high potential electricity from metal 
points or edges, or other projections, situate in the flue passage 
chamber or other receptacle, and so placed that the current of 
air or gas containing the finely divided material or metallic 
vapour is carried or passes in close proximity to the discharg- 
ing points. The discharge from the points electrifies the air 
or gas, and the charged air or gas then acts on the finely 
divided matter in it, causing it to cohere, condense, and deposit. 

The separation and collection of metalliferous particles from 
the fume from lead-smelting furnaces is effected as follows. 
The flues from such furnaces are at present frequently con- 
ducted for long distances in a horizontal or inclined direction, 
in order that the fume may deposit a portion of the metalli- 
ferous matter which it contains. The flues may be much 
shorter than at present, and nevertheless a better deposit will 
be obtained, and the process may be applied in other recep- 
tacles or reservoirs. 

At each point where the treatment is to be applied, within 
the flue or chamber a metal conductor is provided, which may 
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be a rod, or combination of rods, spheres, plates, or any other 
convenient form of such dimensions as will be most suitable 
to the size of the passage or receptacle. In preference, two 
rods in the form of a cross — each arm of which occupies re- 
spectively about two-thirds of the height and breadth of the pas- 
sage — can be used. 

The surface of this conductor is studded all over with metal 
points or other projections — say at distances of two or three 
inches apart, and projecting (it may be) two or three inches 
from the surface of the metal conductor. This conductors 
very carefully insulated in some suitable manner. It may, for 
example, be done by supporting it at the end of a horizontal 
metallic rod passing through the wall of the flue. An earthen- 
ware tube may be inserted into the wall of the flue, and the 
supporting rod passed through the tube, but without being in 
contact with it. Outside the flue the rod may be carried on 
glass legs, entering without contact at the neck into glass 
vessels, in which a small quantity of strong sulphuric acid is 
contained. This rod is connected with one terminal of any 
kind of electrical machine capable of developing high tension 
electricity by induction or by friction, the other terminal being 
connected to the outside of the flue or chamber or to earth. 
Or the electricity may be supplied at high potential by any 
other known means. The whole is so arranged that a con- 
tinuous electric discharge is maintained from the points which 
stud the surface of the conductor within the flue or chamber 
into the air. Other means may be devised to insulate in like 
manner the sphere or conductor. Several of these arrangements 
may be applied along the flue at distances of a few yards. 

The metalliferous particles will by this treatment be caused 
to agglomerate, and will be deposited in the portion of the flue 
beyond and near the place or places where they are submitted 
to the electric discharge. The deposit may be removed me- 
chanically from the flue from time to time, or it may be removed 
in part by a stream of water flowing along the lower part of 
the flue, as is the practice at present in flues for condensing 
lead fume, or in any other convenient way. 
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Mills and Chlorination Works at Plymouth Mine, 
California. — In an interesting account of the operations at 
these works, which was given by Mr. G. W. Small in a paper 
read before the American Institute of Mining Engineers, it was 
shown that if a mine is located near to centres of supplies, 
where fuel, labour, and chemicals can be cheaply obtained, the 
Plattner process can be carried out at a cost of about £2 per 
ton after the concentrates are delivered at the works. Few 
mines, however, are so centrally located as those he described, 
and the cost stated above — ^4 per ton — should be taken as a 
low average . Mr. Small’s report was as follows : — 

“ The ore, as it is raised from the mine, has an average 
assay- value of $ 11 per ton, chiefly in the form of free gold. 
All the ore goes directly to the stamp-mills, of which there are 
two. The older and larger mill contains sixteen batteries of 
five stamps each, with one Frue vanner to each battery. The 
new mill has eight batteries of five stamps and two Frues to 
each battery. The large mill is driven by Lefifel turbine 
wheels, with a pressure of 80 feet, and a consumption of 600 
miners’ inches of water. The smaller mill is driven by “ hurdy- 
guidy ” wheels, with a pressure of about 550 feet and a con- 
sumption of 150 inches of water. 

“ At both mills the tailings from the stamps pass over about 
20 feet of plates on their way to the Frues. In each set of 
plates the first or upper one is copper, the rest are so-called 
silver plates. The bullion from the stamps is about 800 fine 
in gold and 200 in silver. 

‘‘The concentrates from the Frues average from ij to ij per 
cent, of the ore stamped. They very rarely exceed 2 per cent. 
I was unable to get the exact assay-value of the concentrates, 
but it is said to vary between $100 and $200 per ton. The 
concentrates are treated at the chlorination works at the rate 
of one hundred tons per month. The capacity of the works is 
somewhat greater than this, but as the supply of concentrates 
is limited it is not deemed advisable to work them up any faster 
Care is taken to keep the concentrates always damp until they 
are put into the roasting furnace. If this is not done, a de- 
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composition of the pyrites begins, forming lumps which do not 
roast, and which consequently cause a loss of gold in the 
residues from leaching. 

44 A Fortschaufelungsofen * is used for roasting. Its dimen- 
sions, including fire-box, are 12' x 8o'. The hearth is one 
continuous plane, but the charges, of which there are three in 
the furnace at one time, are kept entirely separate. The 
furnace-men called the three compartments, the 44 drying,” the 
44 burning,” and the “ cooking” compartments. In the middle, 
or 44 burning ” compartment, the ore is spread out very thin, 
and occupies about double the space of either of the other 
compartments. 

44 The furnace is worked by eight-hour shifts, one man on 
each shift, and one charge is drawn and a new one added in 
each shift The charges weigh 2,400 pounds, and carry about 
10 per cent, of moisture. The ore averages about 20 per cent, 
in sulphur, and just before the sulphur ceases flaming (in the 
second division of the furnace) 18 pounds, or £ per cent, of 
salt is added to the charge. 

4 ‘ The roasted ore from each shift is kept by itself on the 
cooling-floor until a tankful (about 4 tons) has accumulated 
from a single man’s shift; then that lot is worked by itself. This 
enables the person in charge the better to control the roasting ; 
for if only one lot out of the three is bad, it is presumable that 
the fault lies with the workman ; but if all three are bad, the 
probabilities are that there has been a material change in the 
character of the ore, and the roasting process must be altered 
accordingly. 

44 The vats for chloridizing the roasted ore are 9 feet in 
diameter by 3 feet in height, and are four in number. They 
are slightly inclined, so that they will drain completely. The 
bottom of each tank is occupied by a filter about 6 inches 
thick, composed as follows : Light strips of three-quarter inch 
wood are first laid in the bottom of the tank at intervals of 
about one foot. Across these strips are laid six-inch boards, 
leaving cracks of an inch or more between the boards. On 
* Anglic 2, a Jong continuous reverberatory furnace. 
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top of this loose floor are placed coarse lumps of quartz, and 
on top of this again finer quartz material, until a total depth of 
about five or six inches is obtained. Finally, this “ sand-filter” 
is covered by another loose floor, the boards lying crosswise 
to the loose floor beneath, and pretty close together. This 
upper floor is intended merely to furnish a shovelling surface, 
so as to permit the removal of the leached ore from the tanks 
without disturbing the filter. 

“ The ore to be chloridized must be damp (about six per 
cent, moisture). The working test is, to take a handful of the 
ore and squeeze it, then open the hand, and if the lump 
immediately begins to crumble and fall apart (not run) the ore 
has the requisite amount of moisture. The damp ore is 
screened into the tanks, so that it will lie as loosely as possible 
and facilitate the penetration of the chlorine gas. A coarse 
screen of one-half inch mesh is used for this purpose. The 
tanks are only filled up to within about three inches of the 
top. This is to insure that the entire contents of the tank are 
covered by water in the subsequent leaching, otherwise there 
will be great difficulty in washing out all the soluble gold. 

" As soon as the tanks are filled as stated, they are ready for 
the introduction of the chlorine gas. This is introduced into 
the bottom of the tank from two opposite sides, and is con- 
tinued until ammonia held over the ore gives off dense fumes 
of ammonium chloride. This usually takes about four hours. 
When this point is reached, covers are placed on the tanks, 
and the cracks are luted with a mixture of leached ore, bran, 
and water. The gas-generators, of which there are two 
employed at one time in charging a tank, are allowed to work 
on until they are exhausted ; then they are disconnected and 
the holes in the tank are plugged. 

“ The tank is usually charged with gas in the morning, and 
is left standing for two days. On the third day the ore is 
leached. The tank is first filled with water, and allowed to 
stand a few minutes so that the water may penetrate all the 
ore. If no more water is absorbed, the liquor is drawn off at 
the bottom, care being taken to keep the tank full of water 

p 
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during the entire operation, which takes from four to five 
hours. In charging the tank, a gunny-sack is laid on top of 
the ore, where the wash water is afterwards to be introduced, 
in order to better distribute the water in the tank and prevent 
its washing and packing the ore. 

“The liquorfrom the leaching-vats is conducted to settling-or 
storage-tanks, and about 40 pounds of sulphuric acid (66°B.) is 
added. (Experience has shown this addition of acid to be 
advantageous in obtaining a clean product in the subsequent 
precipitation. The chemical reaction is, however, by no means 
clear.) It is usually allowed to stand for twenty-four hours, but 
two hours are quite sufficient. It is then run into precipitating* 
tanks, and the gold is precipitated by a solution of sulphate of 
iron. The iron solution is added until, after stirring, a further 
addition produces no purple colour. After the gold is precipi- 
tated it is allowed to stand two or, if convenient, three days to 
settle; then the supernatant liquor is drawn off with syphons 
into a second settling-tank, where any gold that may have been 
drawn of by the syphons has a second opportunity to settle. 
The liquor stands in this tank until it is necessary to run it off 
to make room for another charge. Very little gold is found in 
this tank, and it is therefore only cleaned out once during the 
year. In the meantime, fresh liquor has been run into the 
precipitating-tanks upon the gold already precipitated there. 
In this way the gold is allowed to accumulate until the semi- 
monthly clean-up. Except when it is necessary to have them 
open, the precipitating tanks are kept covered and locked. 

“In making the clean-up, the supernatant liquor is syphoned 
off, the gold gathered up and placed in a filter of punched iron 
lined with a sheet of ordinary filter-paper, and washed with 
water until all the acid and iron salts are removed. It is then 
dried, melted in crucibles, and cast into bars. 

“The works extract from 95 to 96 per cent, of the assay- value 
of the concentrated sulphides. Two men, on day-shift, attend 
to all the work of handling the ore after it is washed (the leach- 
ing, etc.). The head man receives $3, the other $2.50 per 
day. Owing to the limited amount of ore allotted to the 
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works, only three tankfuls are leached every four days. The 
men, however, are employed steadily. 

“ The sulphate of iron is manufactured on the spot. For 
this purpose an ordinary wooden tank about 4 feet by 4i feet, 
standing outside the building in the open air, is used. The 
tank is kept full of water and supplied with old scrap-iron ad 
libitum , and for each charge to be precipitated about 40 pounds 
of acid are added to the tank. 

“ The precipitating-tanks, which are of wood, are protected 
from the action of the acids by a coating of “ paraffin paint.” 


“ I append an itemized statement of the cost of handling 
the ore. The basis of figuring is 100 tons of ore per month of 
30 days. Consumption of chemicals in the leaching depart- 
ment, 24 days in each month : 


Roasting : 

Three men, at $2*50 per day, for 30 days . . . $225 00 

if cords wood at $4*25 „ „ ... 223 13 

54 lbs. salt at | cent „ „ ... * 12 15 

$460 28 

Generator: The charge is manganese, 30 lbs., salt, 34 lbs., 
sulphuric acid, 60 lbs. ; therefore, for two generators ; 

Manganese, 60 lbs. per day, 24 days, at $47 per ton . $33 84 


Salt, 68 lbs. per day, 24 days, at #15 per ton . . 12 24 

Acid, 120 lbs. per day, 24 days, at $60 per ton . . 86 40 


Acid for settling-tanks (40 lbs.), and for sulphate of 
iron manufacture (40 lbs.), 24 days .... 57 60 

Wages of leachers, at $5*50, for 30 days ... 105 00 

Salary of foreman ’ 12500 


Total .... 

Or, per ton of concentrates, $9*40^, or £2 sterling/* 


. $ 94 ° 36 


In the next chapter will be found an account of several 
improved processes for the treatment of auriferous ores by 
chlorination. 



CHAPTER VII. 

LATER PROCESSES OF CHLORINATION. 

The Mears Chlorination Process — Treatment of the Arsenical 
Ores of the Deloro Mine — The Adolph Thies Process — The New- 
bery-Vautin Process — The Swedish or Munktell Process — The Otto- 
kar-Hoffman Process — The Ottokar-Hoffman Furnace— The Von 
Pateras and Roeszner Process — Kiss’s Method : how Distinguished 
— Cassel’s Process for Electro-Chlorination of Gold Ores — Hauch’s 
Treatment of Telluride Gold Ores. 

The Mears Chlorination Process. — B. Howell Mears, 
M.D., of Philadelphia, when experimenting a few years ago 
upon roasted pyrites, with a small apparatus in his laboratory 
at home, met with an accident through the clogging of one of 
the outlet pipes of the vessel in which he was exposing some 
ore to the action of chlorine. The stoppage caused a pressure 
of gas in the vessel, and an explosion followed by which 
the whole thing was shattered. As the exposure of pulp to 
gas had been only for a few minutes, he thought to try the 
thing over again, and for that purpose gathered up the sand, 
broken glass, and debris ; but, as it was inconvenient from lack 
of apparatus to immediately expose the pulp again, he tested 
the pulp to ascertain if any solution had taken place, and to 
his astonishment he found that the action had been about as 
thorough and complete as he would have expected to find it 
after hours of simply passing the gas into and through the 
moistened pulp. This was a discovery, and on it is based the 
now perfect process called after the distinguished discoverer. 

In the Mears process the roasted ore is moistened with 
a small quantity of water, then charged into an iron lead- 
lined barrel which revolves, and into which gas is forced. 



THE MEARS CHLORINATION PROCESS. 2 1 3 

By this means the ore is kept constantly stirred and tumbled 
about. Several advantages are gained by this mechanical 
attrition. 

(1.) The ore is kept lively, and every particle of it exposed 
to the action of the chlorine. 

(2.) If there be any large, coarse grains of gold present, 
instead of a coating of chloride of gold forming around them, 
and thereby preventing further action of the gas upon the gold 
grains — as is inevitably the case where the pulp lies still in the 
vat — the chloride of gold, as soon and as constantly as it is 
formed, is removed, thus keeping up a continuous action of the 
gas upon the gold, and consequently rendering the dissolving of a 
grain of gold as certain and, within reasonable limits, as speedy 
as if all the gold were of the finest powder. This is a very im- 
portant consideration, for I am convinced that in many cases 
where sulphurets are treated by the Plattner process, and poor 
results or high tailing assays obtained, it is because the gold- 
particles are so coarse as not to be entirely dissolved during the 
time allowed for chlorination — in other words, that the solution 
has been hindered by the protecting coat of terchloride of gold 
enclosing the gold particles and stopping further solution. 

(3.) In California a good deal of the gold in sulphurets, or 
rather many kinds of sulphurets carrying gold and silver, have 
the gold so highly alloyed with silver that it is not easily dis- 
solved by chlorine. It is almost impossible to dissolve this 
alloy of gold and silver contained in some sulphurets, even in 
nitri-muriatic acid, unless the coatings formed on the gold 
particles be constantly removed by rubbing. Part of the silver 
becomes converted into a chloride, coats the particles of gold, 
and retards further action of the chlorine. But this only occurs 
in an alloy having a certain proportion of silver to gold. It is 
not always so, but it is common. Roasted sulphurets carrying 
this kind of gold alloy, when treated with chlorine, present no 
difficulties in a revolving barrel, because by the mechanical 
attrition the coating is rubbed off by the sharp grains of sand 
as fast as it is formed, in a manner similar to the terchloride 
of gold previously spoken of. 
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The above advantages are undoubtedly accomplished by 
attrition, and are easily and speedily effected in the revolving 
barrel. 

The pressure of gas which is applied while the barrel is 
revolving is gained by pumping in the gas (by means of a 
peculiarly but simply-constructed pump) directly through one 
trunnion of the barrel. The effect of this pressure is also to 
hasten the action. When the charge has been revolved enough 
the barrel is filled with water, thus liquefying the pulp, and 
the contents of the barrel are discharged into a filtering vat, 
through which the solution runs into precipitating tubs, where 
the gold is thrown down in the same manner as in the Plattner 
process. Another plan is to run the solution through tanks 
packed with pulverised charcoal, which of itself precipitates 
and catches all the gold from the solution, and, after a time, 
the charcoal is burned and the gold collected. The precipi- 
tation by a freshly prepared solution of sulphate of iron is 
preferred. 

Several plants embodying the Mears process are now in 
successful operation in California, and the process itself has 
led to further developments, as will appear in the following 
pages. 

Treatment of Arsenical Ores at the Deloro Mine. 

— Mr. Rothwell gives an account of the treatment of these ores, 
in which the Mears process is adopted for chlorination. The 
ores are gold-bearing arsenical sulphurets of iron (mispickel), 
carrying the theoretical proportions of 42 per cent, of arsenic, 
20 per cent, of sulphur, and the remainder iron. The gangue 
is quartz, calc spar, and some talcose, slaty rock, evidently 
resulting from the decomposition of the wall rock, which on 
each side of the veins is syenitic granite. The treatment of the 
ore consists of six processes. 

Crushing. — The ore as it comes from the mines is dumped 
over grate bars at the top of the mill building ; what is too 
~oarse to go into the rock breaker is broken by hand, and all 
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then goes through the No. 1 rock breaker, which breaks it to a 
maximum size of if inches, then over fixed grate bars, which 
take out all pieces less than half an inch in size. The coarse 
then goes through two small rock breakers which crush it to a 
maximum size of about three-quarters of an inch. 

Concentrating. — The peculiarity of the Deloro is, that 
the gold is contained for the most part in the mispickel (which 
carries when closely concentrated nearly $100, or £20, per 
ton as an average), and this mispickel is much more friable 
than the associated quartz and calc spar, which contain but 
small quantities of gold. The consequence is that, when the 
rock as it comes from the mine is coarsely crushed, we find the 
fine is composed, for the most part, of mispickel, and the coarse 
is quartz with a little mispickel. Taking advantage of this pecu- 
liarity of the ore, the mill was constructed so that the ore from 
the second crushers and the fine from the first crushers would 
go into the No. 1 revolving screen, 20 ft. long by 5 ft. diameter, 
where it would be sized into fine (i.e. passing through a mesh of 
less than an eighth of an inch), and the remainder into two 
sizes, which would go to coarse jigs, which are intended to 
separate into a rich and a poor product — the rich after drying 
joining the fine from the No. 1 screen, and going to the rich 
rolls to be crushed to the roasting size, and the poor going to 
the poor rolls and jigs. The object sought to be attained by 
this arrangement was the partial concentration of the ore 
without the usual loss in concentration ; but as the roasting 
and chlorinating capacity of the Delofo works is yet far inferior 
to the mill capacity, it has been deemed wiser for the present 
to crush in the poor rolls all the ore as it comes from the 
second rock breakers, and concentrate it in the jigs. The 
crushing is done in Cornish rolls 36 in. diameter, 15 in. face, 
steel shells on double cone centres. 

The ore, after passing through the rolls, is elevated to the 
two No. 2 dry screens, which have a length of 8 ft. by 4 ft. 
diameter. In these the ore is sized. All passing through a 

millimeter, which comes out of the end of the No. 2 
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screens, drops back into the rolls and goes through again. 
The fine ore is sized in the usual manner, except that the 
screens are much larger than usual, for the limiting capacity of 
such works is always found in the screens. Each set of rolls 
has a capacity of fully five or six tons an hour in grinding 
hard quartz and mispickel down from say i inch to -fath of an 
inch. 

The crushing (and consequently the screening in the No. i 
and No. 2) is dry. The sized ore is concentrated in ordinary 
Hartz jigs discharging through the bottom, and the slimes in 
Spitzkasten and Rittinger’s tables. Mr. Rothwell says that his 
own preference would be for other concentrators of greater 
capacity than these tables, although they are found to do very 
fair work. 

Roasting. — The concentrates are taken from the jig room 
in a tram-car, which, going up an inclined plane, delivers them 
directly into a hopper over the drying furnace. This is an in- 
clined revolving cylinder * 20 ft. long, 36 in. diameter at small 
end, and 48 in. at large ; and it has a conical addition of 
24 m. in length at the small end, making a total length of 22 ft. 
The fire passes through this cylinder, and the capacity has never 
been tested to anything like its limit ; but no doubt it would 
dry two tons an hour, if required. It is very economical in 
fuel. 

As the dry ore drops out of the drying furnace, it is con- 
tinuously raised by an elevator into No. 1 roasting furnace. 
This is a revolving cylinder 30 ft. long, 60 in. diameter outside, 
lined with 4^ in. of fire-brick, and with eight shelves through 
nearly from end to end. These shelves are formed of key- 
bricks 9 in. long, so that they stand 4i in. out from the lining. 
In this furnace the arsenic and the greater part of the 
sulphur are volatilized, and pass out through a long series 
of arsenic condensing chambers, and through a centrifugal 
(Guibal) fan, 8 ft. diameter, 3 in. face, used to make the draft 

♦ For a description of the revolving cylinder the reader is referred to my 
“ Metallurgy of Silver.” 
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to the stack. The ore runs from the first cylinder through a 
pipe directly into the second cylinder, 20 ft. long, by 48 in., 
with a in. lining and six shelves, where the roast is com- 
pleted. The escaping gases pass to a stack, which also serves 
the drying furnace. 

The air which feeds the No. 1 furnace is preheated by the 
escaping gases of the second cylinder, by passing through an 
air space between the two arches which form the top of the 
second roaster dust chamber. 

The two roasting cylinders are jacketed, first with an air 
space, and then with a covering of mineral wool, and paper 
over that. The whole arrangement of the roasting cylinders, 
their jacketing, and the plan of utilising the escaping gases to 
heat the feed air for the first cylinder, are believed to be new, 
and are found very economical and efficient in practice. 

The ability to make a sweet roast (such as is required for 
chlorinating) in a single operation, in continuous revolving 
cylinders, has been questioned by some metallurgists. In 
proof of its feasibility, Mr. Rothwell points out that, in the 
continuous arrangement above mentioned, ten tons of concen- 
trates have been roasted in twenty-four hours, and to such 
perfection that in the subsequent chlorination by the Mears 
process, from 93 to 98 per cent, of the gold was extracted. 

Condensation and Collection of Arsenic. — It has also 
been asserted by some metallurgists that the roasting of arsenical 
pyrites presents many difficulties, but experience with these 
Deloro ores has shown, on the contrary, that they roast with much 
greater facility, and in about two-thirds of the time necessary 
to roast simple sulphurets. They stand almost any amount of 
heat without fusing, and the arsenic, which forms 40 to 42 per 
cent of the mispickel, volatilizing at a comparatively low tem- 
perature, seems to leave the mass porous, thus facilitating the 
oxidation of the sulphur. The arsenic condenses readily in the 
series of brick chambers between the furnace and the stack. 

The use of a centrifugal suction fan through which the 
furnace gases are drawn, and the draft of the furnace thereby 
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created, is also believed to be a novelty in metallurgy, which 
at the Deloro has proved itself both practical and economical. 
It is clear that a blowing fan, which would occasion the escape 
of arsenical fumes, could not be used in this case. 

Chlorination of the Roasted Concentrates. — The 
roasted concentrates are chlorinated by the Mears process, in 
charges of one ton, in a revolving lead-lined iron cylinder. 
The chlorine is made from chloride of lime and sulphuric aci 
from 40 to 50 lbs. of the former and 50 to 60 of the latter 
being used to a ton of ore. The pressure in the cylinder rises 
to about 40 or 50 lbs. per square inch, and falls to 25 or 30 
when the roast has not been so perfectly made as is desirable. 
The operation lasts about two hours, though probably less 
time than this will be found sufficient to completely chlorinate 
the gold when it is in fine particles. 

Precipitation of the Gold. — The lime contained in the 
ore was found to give rise to quite unexpected difficulties in 
precipitating the gold from the chloride solution. The usual 
precipitant, ferrous sulphate, was found to throw down a volu- 
minous precipitate of principally calcium sulphate along with 
the gold. In order to avoid this, an effort was made to get rid 
of the lime, first by sulphuric acid. This was too tedious, and, 
after many annoying delays, the precipitation by charcoal was 
tried. The chloride liquor is allowed to filter slowly through a 
mass of charcoal broken to, say, a sixteenth to half an inch. 
The barrels are kept full of solution by the filtrate being 
brought from the bottom of one barrel in a rubber tube which 
"erminates a few inches below the top of the next barrel. 

The precipitation of the gold is practically complete. The 
lime does not remain in the charcoal, yet the liquor undergoes 
such a chemical change by its contact with the charcoal, that 
the lime is no longer precipitated by either ferrous sulphate or 
sulphuric acid, but is by oxalate of ammonia. 

Several chemists, who have experimented with this Deloro. 
chloride liquor, have considered that hydrogen sulphide, either 
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in a saturated aqueous solution or as gas, or ferrous chloride, 
would make convenient precipitants, either of these reagents 
precipitating the whole of the gold without the lime. 

The charcoal which collects the gold is burned in an open 
pan with fire under, and (it is claimed) without loss of gold, 
at a cost said to be less than six cents per ton. 

Chlorination of Concentrates containing Gold and 
Silver. — The roasting of concentrates of this description is 
carried out at the Deloro with the addition of salt, so as to con- 
vert the silver into a chloride. It is difficult to give any indica- 
tions of how much salt should be used, and this has to be de- 
termined by experiment. It is not advisable to charge the 
salt with the ore into the furnace, but to give a desulphurizing 
roasting first and wait for the production of sulphates before 
adding the salt, which is then thoroughly stirred with the hot 
ore, and after thirty minutes to one hour withdrawn from the 
furnace on to the cooling floor, where it is piled up in a heap for 
as long as possible, as experience has shown that a beneficial 
result is obtained by leaving the ore in its red-hot state for 
some time, as no doubt the evolution of the chlorine gas, which 
is perceptible by the smell, continues to permeat the ore and 
thoroughly chloridizes the ore. 

The ore after damping is charged into the lixiviation vats, 
and the gold extracted, according to the modus operandi of the 
Plattner process as previously described. 

Operation for Extracting Silver. — After the gold has 
leached out and the wash water has drained out from the vat, 
a solution of calcium hyposulphite is allowed to flow into the 
same vat and by a separate launder is drawn into another pre- 
cipitating tank. 

The hyposulphite “ leach, 1 ” when holding chloride of silver 
in solution has a peculiar sweetish taste, and when this taste 
disappears it is an indication that the leach is finished, which 
is verified by test. Some of the leach flowing from the dis- 
charge-pipe is caught in a glass beaker and some solution of 
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calcium sulphide is added. If a precipitate is produced it 
shows that the leach still carries silver or some other metal, 
and it is generally best to add some more hyposulphite. 

The leaching is rather slow, and with some ores it takes 
two days, according to the character and silver contents of the 
ore under treatment. 

Precipitating the Silver. — This is effected by means of 
a solution of calcium polysulphide, which throws down tlje 
silver and other metals as sulphides, the precipitate looking 
like dark mud. The addition of the polysulphide to the leach 
restores the hyposulphite into its original condition, so that the 
same can be used over again for leaching fresh charges ; there- 
fore this process can be considered as a continuous one. Care 
should be taken to avoid an excess of polysulphide, as its 
entrance into the leaching vats would cause a loss by reducing 
some of the dissolved chloride of silver into a silver sulphide, 
and enrich the tailings, and therefore in carrying out the pre- 
cipitation it is better to stop the addition of polysulphide before 
all the silver is precipitated. Whatever silver remains in the 
solution will not be lost, as it passes through the ore again in 
the next operation. 

A lively agitation of the liquid assists the precipitation, and 
when this is accomplished the renewed calcium hyposulphite 
is drawn off and pumped into the storage tank above. The 
silver sulphide precipitate is generally found to contain some 
base metal sulphides, and is drawn by means of a discharge 
faucet on to a filter, where it is washed with hot water, and by 
means of a press pressed into cakes which are slowly dried. 
The silver cakes are now roasted in a small reverberatory 
furnace, to drive off the sulphur, and care must be taken not 
to raise the heat too high so as to cause the melting of the 
cakes, which can easily take place if there is any lead in the 
ore. 

The silver cake is now ready for melting, and this is accom- 
plished in the usual way, by the addition of some scrap iron, 
which, along with some borax, is placed in a black-lead crucible 
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and melted in the ordinary wind furnace. The iron is added 
for the purpose of combining with the sulphur to form a matte, 
and sufficient has to be added to combine with the sulphur. 
The matte collects on top of the molten metal and can be 
dipped off with a hot iron ladle, and when this is done some 
more silver cake, previously warmed, can be put into the 
crucible, and at the final casting of the ingot the matte collects 
on top of the silver ingot, and on cooling easily separates from it. 
If the matte is tough and not brittle, this indicates the presence 
of silver, and the same ought to be remelted, with the addi- 
tion of more iron, which will generally yield a good button 
of silver. 

The Adolph Thies Process. — This in reality is an out- 
come of the Mears process. The latter, while fairly effective 
from the metallurgical point of view, is objectionable in some 
particulars, especially the difficulty of keeping tight joints in 
the stuffing-boxes, and the consequent escape of chlorine gas 
through the works. The cost of repairs has also proved exces- 
sive. 

The system adopted by Mr. Thies is extremely simple, and 
requires no tight joints liable to leakage. The chlorinator 
consists of a plain iron barrel lined with lead, and provided 
with a manhole on one side for charging and discharging the 
ore. The ore is charged in one-ton lots. The barrel is first 
partially filled with water, then a sufficient quantity of chloride 
of lime is dropped in, on top of which the roasted ore is 
charged. On top of the ore is poured the requisite amount of 
sulphuric acid, the manhole cover is put in place and tho- 
roughly secured, and the barrel is started to revolve. The 
reason for charging in this order is to prevent the sulphuric 
acid and chloride of lime from coming in contact before the 
barrel has been securely closed. When the charging is com- 
pleted the barrel is started and is kept revolving until the 
whole of the gold is dissolved. A very ingenious arrangement 
has been devised which enables the operator, by means of a 
clay pop-valve, to test from time to time, without opening the 
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barrel, the presence of an excess of chlorine gas. Mr. Thies 
operated with some sulphides where each one-ton charge con- 
sumed 20 lbs. of chloride of lime and 25 lbs. of acid. The 
time occupied in chlorinating so far has been six hours, but 
with more experience this time ought to be reduced to one- 
half. 

When this operation is completed, enough water is intro- 
duced to nearly fill the barrel, which is again revolved, so as to 
thoroughly wash the ore and dissolve the chloride of gold. 
The barrel is then opened and the liquor is decanted off upon 
large shallow filter beds. Another wash water is then put into 
the barrel, which is again revolved for a few minutes and then 
decanted upon the filter. Ultimately the whole charge is turned 
down in the ordinary way, and a final wash water is given on 
the filter. 

The results so far obtained appear to have been remarkably 
successful. Subjoined are the results of eight charges, each 
of which contained a little over one ton of ore of such fineness 
that 99 per cent, of it would go through a 100-mesh and 60 
per cent, through a 1 50-mesh screen. The assays made of the 
roasted ore showed $3670, or ^7 10s. gold per ton. 
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In order to further test the advantages of this system, Mr. 
Thies tried one charge considerably heavier than the others, 
and endeavoured to filter it direct in the usual way. While he 
used for this charge nearly double the amount of wash water, 
and while the time occupied in filtering was much more than 
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the other charges required, the tailings resulting contained 
$5*68, or £ 1 2s. iod. per ton. There seems to be no 
difficulty in filtering through a bed of ore from 3 to 4^ inches 
thick ; but when the thickness of the bed is greater, then the 
filtering of such very fine material becomes almost impossible, 
hence the advantage of decanting. 

The precipitation is done in the usual manner with proto- 
sulphate of iron. If ores contain a considerable percentage of 
magnesia, it gives a voluminous precipitate. The precipita- 
tion of lime and magnesia may be entirely prevented if care 
is taken to keep the tank solution in proper condition. If 
such is not the case the magnesia shows in the precipitating 
tank a milky cloud. 

The cost of roasting, labour, chemicals, and power, Mr. 
Thies states did not exceed in his operations $4, or 16s. od. 
per ton. The actual gold recovered is in all .cases within a 
few cents per ton of the full assay value of the ore, less the 
amount shown by assay to have remained in the tailings. 
While the gold obtained in the stamp mill and amalgamating 
works is seldom purer than 897 fine, the gold obtained by this 
process is generally over 978 fine. 

The Newbury-Vautin Process. — In this process also, 
chloride of lime is decomposed by sulphuric acid in a revolv- 
ing barrel, and the evolved chlorine made to act on the gold 
in the barrel itself, rendering the manipulation very simple. 
The plant required is a hopper, chlorinating barrel, leaching 
vat or filter, reservoir for the liquid which is drawn from the 
filter, and the charcoal collector. The hopper is fixed above 
the chlorination barrel; into this the crushed ore, roasted 
pyrites, or tailings are poured. 

The barrel is made of iron, lined with lead, this again with 
prepared wood ; it is sufficiently strong to bear a pressure of 
100 lbs. to the square inch. In form it is cylindrical, and in 
the centre are two valves directly opposite to each other. One 
valve is sufficiently large to allow the pouring in of a stream of 
tailings or sands ; the other is smaller, and serves for the intro- 



224 LATER PROCESSES OF CHLORINATION. 

duction of the compressed air. The barrels vary in size 
according to the quantity of ore required to be treated. The 
charge falls from the hopper through the larger valve into the 
chlorinating barrrel. 

The chlorine is produced in the barrel by adding to the 
ore a certain quantity of chloride of lime and sulphuric acid, 
and enough water is added to produce a liquid mass. The 
valve cover is then screwed down, and the barrel turned half 
round, so that the small valve is uppermost. To this is 
attached an indiarubber pipe, leading from an air pump, and 
compressed air is forced in until a pressure of about 60 lbs. to 
the square inch is reached, when the valve is screwed down 
and the hose disconnected. 

The barrel is now set revolving at a speed of about ten 
revolutions per minute, and the sulphuric acid decomposing 
the chloride of lime produces chlorine gas, which impregnates 
the water in the barrel, and the free gold is thereby converted 
into a chloride of gold, which is dissolved by the water. The 
time occupied to effect this solution ranges from one to four 
hours, according to the degree of fineness of the gold particles 
and the character of the ore. 

The chlorinator, on being stopped, is now discharged first 
of the compressed air and gases, by means of the small valve, 
to which an indiarubber hose is attached leading outside the 
building. The large valve is then removed, and the barrel set 
revolving as before ; at every downward turn it discharges a 
portion of its contents into a shoot leading to the leaching-vat 
below. When almost all its contents are discharged a few 
buckets of water are thrown in, which by the revolution of the 
vessel are swirled around, thus completely washing into the 
filter all remaining solution. 

The filter is an iron vessel lined with lead, with a double 
bottom. To the lower part of this a pipe is connected leading 
to a vacuum pump. When the ore from the chlorinator has 
filled the filter, the air is drawn from between the double- 
bottoms of the latter, which causes very rapid filtration. 

The filtered liquid is drawn off through a pipe into a vat ; 
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a continuous stream of water is kept playing upon the tailings 
in the filter, which by the suction is drawn through them, so 
that all the chlorides are washed out. To prevent any clog- 
ging of the material, the action of the exhaust-pump is made 
intermittent. The solution as it runs to the vat being con- 
tinually tested, it is easy to know when the work is completed ; 
then the water is cut off and the pump stopped. The filtra- 
tion generally occupies about one hour. The stuff in the 
filter is tipped into a truck running on a line of rails below, by 
which means it is run to the tailing heap. 

The gold is now in the solution in the tank, at the bottom 
of which is a tap from which the liquid slowly runs through a 
filter of charcoal. Contact with this material returns the gold 
chloride to metallic gold, which collects on the charcoal. 
Copper, lime, magnesia, and zinc are not touched by this 
reagent, so they pass through in a soluble state. The charcoal 
after drying is burned, and the gold collected by it is melted 
into an ingot. 

The Swedish (or Munktell) Chlorination Process. — 

In carrying out this process, Mr. Munktell prefers a chloridiz- 
ing roasting. If the material after roasting and washing is 
found to contain gold in somewhat large grains, these may be 
conveniently separated by washing ; or by some other mecha- 
nical means the heavy metals are removed. 

He subjects the material, after being reduced to a suffi- 
ciently fine powder and freed from protoxides — whether roasted 
and separated from the coarse grains of gold or not, as circum- 
stances may require — to the following process. The ore when 
pulverized should not be too fine, so as to allow liquids to 
percolate through it. 

A small quantity of hypochlorite of lime, or some other salt 
in which the acid consists of chlorine combined with oxygen, 
is dissolved in water or in some other suitable liquid, such, for 
instance, as a solution of chloride of sodium, when the raw 
material contains silver. Instead of chloride of sodium, 
chloride of calcium or some other substance capable of dissolv- 

Q 
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ing chloride of silver may be employed. The solution should 
contain about one per cent, or less of hypochlorite of lime. 
This solution, before it enters the running tanks containing the 
auriferous material, meets with a highly diluted solution of some 
acid, such as muriatic acid, sulphuric acid, carbonic acid, or 
some other acid, the solution being of such a strength that equal 
volumes of the acid and the hypochlorite of lime will just suffice 
for the decomposition of the hypochlorite of lime. 

The mixed liquids now percolate through the material, 
whereby the chlorine produced by the mixture, partly in a 
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nascent state, unites itself with the gold, which is thereby dis- 
solved, and is continually allowed to run off at such a rate that 
only a small excess of chlorine remains in the solution. This 
solution is led in to the precipitation tanks, where the gold, 
and any silver present, is precipitated by one of the usual 
methods. 

This method of extracting gold can be carried out in a con- 
venient and cheap manner without the escape of any consider- 
able quantity of chlorine. 

Ttw* solution may also be stronger and be mixed before 
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hand, and then, after a longer or shorter time, be poured over 
the crushed raw material prepared in the manner described. 
In this case, however, not only does much chlorine escape, 
which has a very detrimental effect on the carrying out of the 
process, but also, larger quantities of the solution are required. 
By allowing the chlorine in a very diluted solution to act on the 
auriferous substances, and by producing this chlorine at the 
same moment the solution is used, the process becomes 
extremely convenient and inexpensive ; and the difficulties 
(Mr. Munktell remarks) which hitherto have always been expe- 
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Fig. 102.— Longitudinal Section of Munktell’s Plant. 

rienced when chlorine is used on a large scale for the extrac- 
tion of gold are thus avoided.* 

The process can be carried out with very simple apparatus. 
A convenient arrangement consists of tanks having a layer of 
filtering medium above a false bottom. Over each tank are 
two vessels by which the quantities of the solutions are mea- 
sured. They are filled by means of pipes or conduits and dis- 

* Mr. Munktell, however, when making this last statement, was evidently 
not aware of the inventions of Dr. Mears and others ; and even with a 
properly arranged Plattner plant no inconvenience such as he anticipates 
need (I think) be apprehended. 
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charged into othtr conduits leading to the tanks. Other pipes 
or conduits carry water or other liquids to the tanks for dis- 
solving and carrying away the protoxides, if any. 

Fig. i oi represents a simple arrangement of an extraction 
apparatus, showing the tanks in a section of the line i — i in 
Fig. 103. Fig. 102 is a longitudinal section thereof along the 
line 2 — 2 in Fig. 101 ; and Fig. 103 represents the same in 
plan and horizontal section along the line 3 — 3 in Fig. 101. 

a a are extraction tanks of wood ; b b represent filtering 



bottoms inside the tanks, consisting of a layer of gravel or 
quartz spread on perforated boards or plates of earthenware 
b 1 , placed on the supports b 2 . c c are outlet cocks. For 
measuring the requisite proportions of the solutions of hypo- 
chlorite of lime and the acid, the tubs dd and e e are placed on 
the channels // and gg above the tanks. The diluted ready 
made solutions of hypochlorite of lime and acid are led sepa- 
rately through the channels h h and i i into the respective tubs 
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d and e. As each tub is filled, the plug, k, is inserted into the 
hole in the channel leading to that tub. The channels, f f 9 
are used for admitting such acids and salt solutions as are re- 
quired for dissolving other substances than gold. / / are water 
pipes. 

After the tubs have been filled the process is commenced by 
removing the plugs, m, and the diluted solutions of hypochlorite 
of lime and acid are allowed to run in definite quantities out of 
the tubs, d and e , into the channels, g , meeting each other at the 
openings n n and thus running down together into the tanks. 
By cross boards, 0 , in the channels the tanks which are not 
to be operated upon can be shut off. /, /, p are channels to 
discharge the solutions which are running off or are let out 
from the tanks, a . By means of short shoots placed under the 
cocks, c, the liquid is led into the respective channels,/, and 
from there led to the precipitating tubs to be treated in the usual 
way ; or the gold can be collected on a charcoal filter. Lines 
of rails, q , for transporting the material are also shown on the 
drawings. 

The Ottokar-Hofifman Gold and Silver Chlorination 
Process. — If rich auriferous silver ores, in which the percen- 
tage of gold is high, almost equal to that in silver, should be 
subjected to a chloridizing roasting, then impregnated with 
chlorine gas leached with water, for the purpose of extracting 
the gold, and finally leached with a hyposulphite of lime for 
the silver, although a high percentage of silver might be 
extracted, the yield of gold would only amount to about 50 
per cent., more or less. 

This result is not easily explained. The gold may be 
influenced somehow during the roasting by the base metal 
chlorides preventing the gold from being attacked by the 
chlorine gas. On the other hand, if the base metal chlorides 
and the chloride of silver are extracted previously to the 
impregnation with chlorine, both metals, silver and gold, can 
be got out very close. 

The rationale of the process is as follows : the concern 
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trated sulphurets are subjected to a chloridizing roasting in a 
reverberatory furnace. These furnaces, although old-fashioned 
stirring furnaces, are considered preferable for this class of ores 
to any mechanical furnace in use, especially to the furnaces 
with continuous discharge. The concentrated sulphurets re- 
quire a very perfect roasting, and Mr. Hoffman claims that the 
continuous discharge furnaces do not give time enough for very 
highly sulphuretted ore to become thoroughly desulphurized. 
Such high grade ores require close attention, and the process * 
must be under perfect control by the roaster. However, it 
does not take nearly so much time as required by Planner's 
gold chlorination. 

After the ore has been roasted, it is spread on the cooling 
floor, and sifted when cool through a sieve of ten to fourteen 
meshes to the running inch. The sulphurets are heavy enough 
after roasting to make very little dust during the sifting, so 
that the inconvenient moistening can be obviated. The 
lumps are saved till a larger amount accumulates ; they are 
then pulverized in a dry battery and slightly roasted. 

The roasted and sifted ore is charged into tanks with filter 
bottoms, in quantities from to 3 tons, arid leached with 
water to extract all soluble base chlorides. The water, if 
saturated with these base chlorides and some salt, of which 
some quantity is generally left in the ore undecomposed after 
roasting, acts on the chlorides of silver like a concentrated 
brine, and dissolves them. To prevent the escape of this 
dissolved part of silver, Hoffman does not admit the water 
from above the ore, as is usually done, but from the filter 
bottom, which, by means of a slight pressure, is forced to 
ascend through the ore to the top of the vat. In this way the 
concentrated solution accumulates above the ore, and in dilut- 
ing it by a stream of water, and permitting the solution to flow 
out through the filter bottom, the chloride of silver is precipi- 
tated on and through the ore, which is then extracted, with the 
balance of the silver. The operation affects the fineness of the 
bullion somewhat if there is a considerable amount of lead in 
the ore, but not materially. The leaching of the silver is done 
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as usual, by leaching the ore with a solution of hyposulphite 
of lime, and precipitating the silver with polysulphide of 
calcium. 

After the silver has been extracted, the solution of the 
hyposulphite is allowed to run out till it disappears under the 
surface of the ore, when clear water is introduced again in 
order to displace all solution. The delivered ore is then 
removed from the tank to a dry kiln, where it is left for a time 
till the surplus water has evaporated. After this it is charged 
back into the tank, still moist. This second handling and 
drying cannot be avoided, as the ore after leaching is too wet 
to permit of a free passage of the chlorine gas ; but if the 
works are arranged properly this partial drying causes neither 
much delay nor much expense. 

The gold in the ore is now in metallic condition, and very 
bright and clean, permitting a very close extraction. The 
rim of the tank is provided with a groove, which is open 
toward the inside, 2 i inches deep and i£ inches wide. In 
this groove fits the cover of the tank, leaving, however, a play 
of one-eighth of an inch around the circumference. The cover 
being made of inch boards, the staves of the tank will project 
i£ inches above the cover. This arrangement facilitates the 
operation of making the cover air-tight. This is first done 
with clay, and then a sheet of water one inch deep is poured 
on the top of the cover, thus making it perfectly air-tight and 
preventing the escape of gas into the working-room, while the 
tank is charged with water for the purpose of extracting the 
gold. The cover is provided with two pieces of i^-inch gas- 
pipe, 6 inches long, and a square opening 6 by 6 inches. 
During the time of the impregnation of the ore with gas the 
pipes are closed with balls of clay. As soon as the charge is 
ready for the extraction of the gold, the balls are removed, and 
one of the pipes is connected with the hose of the water tank, 
while the other, by means of the hose, is connected either with 
another tank already prepared for chloridizing, or with the ash- 
pit of the roasting furnace. This is done to utilize the surplus 
of chlorine gas, and to protect the workmen from its very 
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injurious effects. Care must be taken to have sacks placed on 
the top of the ore right under the water-pipe, and kept in place 
by weights — two bricks will do — to prevent the stream of water 
working into the ore. The square opening serves for examin- 
ing the progress of the gas in the ore, and can be made air- 
tight by a good fitting cover and clay. 

The chlorine gas is generated in a leaden gas generator, 
which is not heated as usual, by direct application of fire, but 
by steam. For this purpose the generator is placed in a 
tight-fitting box, leaving a space of two inches around the 
side and the bottom for the circulation of steam. The rim 
and cover are kept outside the box. The steam enters on 
one side through a half-inch pipe, while the other side of the 
box is provided with a one-inch exhaust pipe and an outlet for 
the water. 

Whenever steam can be had in chlorination works, this 
arrangement will prove very convenient and useful. The 
operator has the temperature entirely under his control. The 
least turn on the valve increases or decreases the heat, and, of 
course, regulates the generation of steam. The discharge pipe 
of the generator projects a short way out of the box. On this 
pipe is fastened a piece of hose about 2 feet long, which can 
be closed with a thumbscrew clamp. The hose lies in a 
covered trough, which leads outside of the gas-house. In 
discharging the generator, a small stream of water is permitted 
to flow through the funnel into the generator, by which the 
gas is forced through its usual outlet into one of the tanks. 
When the generator is filled the stirrer is set in motion and 
the thumbscrew on the hose loosened. In this way the 
generator can be discharged without molesting or injuring the 
men. 

The cover of the generator is closed tightly with clay, and 
only removed in case of repair. The gas is conducted 
through a leaden pipe, intersected with rubber hose. Each 
tank is connected with the main pipe, and can be disconnected 
by the use of the thumb-screw clamp. The pipe through 
which the gas enters the tank is independent of that through 
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which the solution discharges. It is placed higher and as 
close to the false bottom as possible. After the gas has been 
a sufficient time in contact with the ores, the gold is extracted 
by water and precipitated in the usual way with sulphate of 
iron. The gold obtained is of extreme fineness, varying from 
970 to 990 fine. 

In treating very rich ores, containing, say, $700, or ^140 
to ;£i8o gold per ton, the solution carrying out the gold is of 
a very lustrous yellow colour, and the precipitated gold 
accumulates on the bottom in spongy lumps of great specific 
gravity, some of them showing scales of bright gold, and some 
of these, as the microscope will show, may prove to be crystal- 
lized gold. In leaching very little more time is required for 
rich gold ore than for poor. 

If the ore is copperous, considerable copper will be carried 
out with the gold solution, colouring it green. In order to 
save the copper, the solution, after the gold has been precipi- 
tated and settled, is decanted into the copper tanks; but before 
doing this it is advisable to draw the solution into a second 
gold tank, in order to catch the gold which may be accidentally 
carried off with the stream, and to keep it standing sufficiently 
long to allow the gold to settle again. 

The Ottokar-Hofftnan Furnace. — Mr. Hoffman has also 
invented an improvement on the ordinary revolving cylindrical 
furnaces, which can be used to advantage in oxidizing roasting 
of auriferous ores, as well as for chloridizing roasting of silver 
ores. In my work on the “ Metallurgy of Silver ” it will be 
seen that Mr. Aaron has used a furnace of this construction for 
roasting the Silver King ores. His improvement consists in 
combining with a revolving cylinder-furnace two fireplaces, one 
at each end, and connecting both with the furnace, and also 
with an escape flue. Suitable dampers are fitted between each 
fireplace and the escape flue, so that when a fire is built in one 
fireplace its damper may be closed and the flame directed 
through the furnace, and thence through the opposite fireplace 
and its flue to the chimney. After the ore at the end of the 
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cylinder nearest the first fireplace is properly roasted and 
chloridized a fire is built in the other fireplace and the first one 
suffered to go down. The damper of the first one is opened, 
while that of the second one is closed, so that the direction of 
the heat is changed, and the ore nearest this second fire is sub- 
jected to the highest temperature. This enables the operator 
to roast and chloridize the ore quickly without exposing the ore 
at one end to an injurious temperature in order to heat that 
at the opposite end to a sufficient temperature. Fig. 104 is a , 
longitudinal section of the fireplaces and flues. 

The revolving roasting-furnace, as ordinarily constructed, 
consists of an iron cylinder, lined on the inside with bricks, and 
provided on one end with a fireplace, and on the other with a 
flue leading to the chimney. The shape of some of these re- 
volving furnaces is prismatic, but in construction they do not 
differ materially from the cylinder-furnace. There are on the 
mantle of the cylinder four doors for charging and discharging. 
After the furnace is charged with ore and the doors are closed, 
the cylinder is set into a slow revolving motion, while the flames 
and gases pass in the direction from the fireplace to the flue, 
and through it into the chimney. 

It is apparent that that part of the ore which is nearest to 
the fire will be exposed to a higher temperature than that on 
the farther end ; and as the ore, by the revolving motion of the 
furnace, is mixed and turned, but does not change its respective 
place in the furnace, it is further apparent that no uniform 
roasting can be obtained, at least not without causing an un- 
necessary loss of silver by volatilization. 

That part of the ore which is nearest to the fire is perfectly 
roasted and chloridized, while the ore at the other end is from five 
to ten and more per cent, less chloridized. In order to bring 
chlorination up, the temperature should be increased and 
roasting continued for aconsiderable time longer, which increased 
and continued heat disposes silver to volatilize. The same ore 
will lose less silver if the chloridizing roasting is completed in a 
short time than it will in a long period, and, again, will lose less if 
the chloridizing roasting is performed at a lower heat ; but as 
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these revolving furnaces are constructed (especially if long 
cylinders are used — say sixteen feet long), the metallurgist en- 
counters great difficulties in treating the charge of ore in the 
furnace to the best advantage, and is not able to obtain 
sufficiently satisfactory results if it contains a great deal of anti- 
mony, and bakes easily, as the construction of the furnace does 
not give him the facilities to subject the ore to a uniform 
heat 

Antimonious ores have to be roasted at a very low heat ; 
but if the fire is kept low enough for the ore nearest to it, the 
ore at the farther end of the furnace will not have heat enough 
to roast ; and, again, if the fire is kept strong enough for the 
farther part, the ore nearest to the fire will commence to cake 
and sustain a heavy loss in silver. 

To avoid these difficulties, and to enable the roaster to 
roast the ore at the required uniform temperature, an improve- 
ment in the construction of the revolving roasting-furnaces has 
been introduced by Mr. Hoffman. Opposite to the fireplace, 
and on the end of the cylinder where in the old construction 
the flue is, a second fireplace is erected, so that the furnace, a, 
is provided with two fireplaces, b and c, on each end one. 
Each fireplace is provided with a flue and damper, d and a , 
leading to the main flue, e y and chimney. It will be seen that 
by attaching the flue directly to the fireplace, and by shutting 
the ash-pit and fire-door and raising the damper in the flue 
during the working of the furnace, the firebox serves alter- 
nately as fireplace or flue, according to the way the flame is 
directed. 

To bring the furnace into operation, after charging it with 
ore the fire is built in the fireplace, c y and the damper, a, 
closed. The flame and gases traverse the furnace, a, and pass 
through the opposite fireplace, b, and the flue into the main 
flue, e. After a lapse of an hour or more, according to the 
character of the ore, a fire is built in the opposite fireplace, b y 
the damper, a , opened, and d closed. Flame and gases are 
now forced to pass through the furnace in the opposite direction. 
This changing of the fire is kept up at regular intervals during 
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the whole time of roasting. While one fire is in operation the 
other is allowed to go down. 

With these double fireplaces and flue arrangements, the 

ore in the furnace is 



subjected in both 
halves to the re- 
quired roasting tem- 
perature, thus obtain- 
ing a uniform roast- 
ing throughout the 
whole furnace with- 
out the disadvantage 
of burning one half 
too much, in order 
to throw enough heat 
on the other. The 
construction of the 
furnace also permits 
the roasting of cer- 
tain classes of ores, 
which bake easily in 
an ordinaryrevolving 
cylinder, and also 
prevents the dust 
from being carried by 
the draft into the flue 
during the charging 
of the furnace. 

In charging ordi- 
nary furnaces the 
doors, f and g, are 
opened and placed 
under the outlets of 
a hopper. The ore 
falls in a shower into 


the furnace, and the draught passing through the furnace carries 


off considerable valuable dust into the flue. To avoid this, 
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both dampers, d and a , are left open during the charging of the 
cylinder, and the draught passes through each fireplace and flue 
into the main flue independently of the furnace, through which 
no draught at all is passing. 

There is one inconvenience with this furnace, — namely, that 
when the draught is carried over the fireplace filled with incan- 
descent fuel, some ore dust must necessarily fall on to the fuel 
and cause clinkers, which have to be removed, and which 
hardly pay to treat, thereby causing a certain loss of metal. 

The Von Pateras and Roeszner Process, which is based 
on the solubility of chloride of silver in a concentrated salt 
solution, is adapted for the extraction of gold, silver, and 
copper. The chloride of copper, like chloride of gold, is 
soluble in water, whereas chloride of silver is not, and would, 
without a salt solution, remain behind in the residue. If, there- 
fore, chlorine is conducted through a salt solution to saturation, 
the chloridized salt solution will dissolve gold, silver, and 
copper simultaneously, and is accordingly adapted for ores 
containing these three metals. 

Auriferous silver ores are therefore submitted to a chloridiz- 
ing roasting, they are then charged into large vats and leached 
with the cold solution of salt saturated with chlorine. The 
leach waters are drawn off into the precipitating tanks and 
diluted with clear water, which produces a white precipitate of 
chloride of silver. The diluted salt leach has to stand now for 
twelve to fourteen hours before all the silver chloride has 
settled, and the fluid above it becomes clear enough to be 
drawn off into the gold-precipitating tank, where the gold is 
thrown down by a solution of sulphate of iron. When all the 
gold has settled, the fluid is drawn into the third copper- 
precipitating tank, which contains scrap iron, on which the 
copper precipitates. 

This method of precipitation necessitates the subsequent 
reduction of the chloride of silver, by means of zinc and 
sulphuric acid, to metallic silver. The large quantity of water 
required to precipitate the chloride of silver — amounting to 
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nearly fifty per cent, of the volume of the salt leach — dilutes 
the copper solution too much, and renders the precipitation of 
this metal difficult. It is better, by means of metallic copper, 
to precipitate first the silver and gold as metallic gold and 
silver, and then to draw off the liquid into another tank and 
precipitate the copper with scrap iron. 

Roeszner roasts the ore with salt, extracts a part of the 
silver by Augustin's method with a hot solution of salt, and 
then treats the residue with a solution of salt and chlorine, and 
hot concentrated salt solution, alternately, for the extraction of 
the gold and the remainder of the silver. 

According to Plattner, an auriferous and argentiferous sub- 
stance, when roasted with common salt, forms chlorides of 
silver and gold. The chloride of gold is transformed into 
protochloride of gold, losing two equivalents of chlorine, when 
heated to somewhat below 200° C., and the protochloride of 
gold is decomposed into chlorine and metallic gold when 
heated to about 240° C. This easy decomposition of chloride 
of gold chiefly accounts for the imperfect yield of gold when 
treating silver ores by the amalgamation process, or submitting 
them to a lixiviation with common salt. 

Tanikovitz published an account in the Oesterreichische 
Zeitschriften of 1863, in which he advised the submission of the 
ore first to a perfect oxidizing roasting, while admitting steam 
into the furnace, then the addition of salt, and chloridizing 
roasting at a lower temperature. Roeszner advises the leach- 
ing of this roasted mass with hyposulphites in preference to a 
solution of common salt and chlorine water. 

Kiss has shown that roasting with salt produces a chloride 
of gold, which forms with hyposulphite of soda, or lime, a 
soluble double hyposulphite of gold and soda salt. 

To prevent separation of metallic gold from the chloride of 
gold in the roasting process, the temperature must not be too 
high during the last roasting period, and some surplus chloride, 
produced from common salt and easily decomposable metallic 
sulphates, must be present : if none are in the ore, sulphate of 
copper should be added. It is advisable to wash the roasting 
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mass with water previous to its treatment with hyposulphites. 
The chloride of gold, by the action of hot water, is decomposed 
into protochloride and metallic gold, and though insoluble in 
cold water is slowly decomposed by it in darkness* 

The distinction between Kiss’s method and the Roeszner 
and Von Pateras method is that the former method is based 
on the fact that chlorides of silver and gold are soluble in a 
solution of hyposulphite of lime ; and the process has been 
brought to great perfection in America — as far as the treatment 
of silver ores are concerned — by the improvement introduced 
recently by Mr. Russell, who substitutes hyposulphite of soda, 
with the addition of what he calls the extra solution. His 
process is described in my work on the “ Metallurgy of 
Silver.” 

As before explained, in Von Pateras and Roeszner’s process 
the ores or concentrations are submitted to a chloridizing 
roasting with salt, and the roasted mass is then treated with a 
solution of common salt saturated with chlorine. This process 
is modified by first leaching the ore, after a chloridizing roast- 
ing according to Augustin’s method, with a hot concentrated 
solution of common salt ; the residues are then alternately 
treated by cold solution of salt saturated with chlorine, and hot 
concentrated solution of salt, to extract the gold and the 
remaining silver. Both metals are precipitated from the hot 
solution by copper ; the cement silver is cupelled to drive off 
all impurities, and the gold separated by parting with acids. 

Electro- Chlorination of Gold Ores : Cassel’s Process. 

— Many attempts have made to obtain the precious metals by 
means of electrolysis, and several ingenious methods have been 
devised, but so far no practical success has crowned these 
efforts, although the results hitherto obtained on a small scale 
warrant the expectation that eventually the difficulties which 
still preclude the working of these processes on a large scale 
will sooner or later be overcome. 

A Glasgow company is developing the Cassel process, which 

* See Crookes and Rohrig’s “ Practical Treatise on Metallurgy.” 
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is one of chlorination. The apparatus consists of a large drum, 
within which are arranged a number of dense carbon rods ; 
these rods form the anodes, or positive electrodes, and are 
metallically connected with the positive pole of the dynamo, 
while the negative pole of the dynamo is connected with the 
hollow iron shaft of the drum, which serves both as axis to the 
drum and also as negative electrode of the apparatus. This 
hollow shaft terminates through stuffing boxes in hollow stand- 
ards or tanks, where finally the gold accumulates. 

In carrying out the processes, the drum is charged with 
4,000 to 5,000 lbs. of ore, and salt and water are added. This 
drum is set revolving slowly — eight to ten revolutions per 
minute. The electric current being turned on, the chloride of 
sodium decomposes, and chlorine and oxygen are generated at 
the anode. During the revolution of the drum the ore comes 
into contact with the carbon elements, which discharge the 
chlorine from the salt solution. The gold particles thus acted 
upon are converted into terchloride of gold, which, as soon as 
formed, dissolves in the solution. 

Mr. Cassel, it seems, had to contend with the difficulty 
that hydrochloric acid was formed during the reaction. This 
dissolved the iron oxide present in nearly all ores, roasted iron 
pyrites being the materials generally operated upon. That 
difficulty he overcame by adding caustic lime, which neutral- 
ized the hydrochloric acid as fast as formed, so that no iron 
could be taken up by the gold solution. As hypochlorite of 
lime is formed, this again is decomposed by the water present, 
and gives up its chlorine to be taken up by the gold. 

The ultimate products of the reaction are chloride of 
sodium, which has not been all decomposed, chloride of cal- 
cium, terchloride of gold with the gangue at the anode ; and 
chloride of sodium and caustic soda at the cathode. In the iron 
shaft are bored a number of holes, and the shaft itself is 
covered with asbestos cloth, which, while preventing the 
gangue from entering the shaft, allows the dissolved gold to 
penetrate through the cloth. After the addition of the lime, 
which precipitates all other dissolved metals present except 
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the gold, the latter metal is rapidly dissolved, and is deposited 
by the electrical action in the interior of the pipe in a finely 
divided metallic state,* thence it is carried into the hollow 
standards by means of an Archimedean screw fixed in the pipe. 
The chloride of gold is decomposed at the cathode into me- 
tallic gold and chlorine. The standards are provided with mov- 
able doors, from which the gold precipitate is withdrawn, and 
after drying is melted into ingots. 

From this description it will be seen that chlorine can be 
produced by electrolysis from salt solutions ; and although the 
above method does not seem the most practical way of applying 
it for the production of the terchloride of gold, it is likely that 
improvements will follow which will perfect Mr. Cassel’s other- 
wise excellent idea. Gold is more readily attacked by nascent 
chlorine gas than by chlorine held in solution by water ; and 
it seems that pressure also assists rapid chlorination, as is 
shown by the discovery made by Mr. Mears, as well as by the 
Newbury-Vautin process. 

Hauch’s Treatment of Telluride Gold Ores. — A 

method of treating these ores which has been devised by Anton 
Hauch, Assayer to the Hungarian Government, deserves notice 
here. The gold ores of Nagyag and Offenbanya are highly 
prized on account of their contents in tellurium, which is rarely 
met with in mines. Tellurium is important on account of its 
employment in the manufacture of thermo-electric batteries, and 
an expeditious and cheap method for its extraction from ores 
is, therefore, much to be desired. The analysis of the Hun- 
garian ores gave the following results : tellurium, gold, silver, 
a considerable percentage of quartz, carbonate of lime, and 
carbonate and sulphide of manganese. 

The idea which the inventor carried out was to produce 
the tellurium by means of a cheap acid solution, from which it 
could be easily separated. In defining his method, the man- 
ganese combinations had to be closely studied. A quantita 
tive determination of the ores gave the following results : 
30 to 40 per cent, of quartz ; 10 to 20 per cent, of carbonate 

R 
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of lime; 15 to 20 per cent, of carbonate and sulphide of man- 
ganese ; 5 to 8 per cent, of lead sulphide ; 1 to per cent, of 
copper sulphide ; 5 to 8 per cent, of clay ; 1 to 4 per cent, of 
zinc sulphide ; with some cobalt, nickel, antimonium, and 
arsenic, besides tellurium, gold, and silver. If the ore was 
submitted to an oxidizing roasting, a portion of the tellurium 
volatilized, carrying off some gold and silver, which loss could 
be avoided by condensation. 

During the roasting the carbonate of manganese and any 
manganese sulphide present were converted into manganese 
oxide, the sulphide of manganese being no doubt influenced 
by the presence of lime. Under the influence of hydrochloric 
acid the manganese oxide gave chlorine. It was found also 
that during roasting a large portion of the gold became me- 
tallic, in such a way that fifty per cent, of the gold could be 
extracted by amalgamation. 

In treating the roasted ores with dilute hydrochloric acid in 
lead-lined wooden tubs provided with a stirring apparatus, a 
disengagement of chlorine takes place, which converts the 
metals to be obtained into a soluble condition, with the excep- 
tion of silver. The surplus chlorine is conducted into tubs 
filled with water, and this chlorine water can be used as a sol- 
vent for the tellurium sponge. After the solution is drawn off 
from the ore, sulphuric acid is added, which precipitates gypsum 
and lead sulphate. 

A further decantation of the solution from the precipitate 
is effected, and a solution of iron sulphate is added, which 
precipitates the gold. The solution is now filtered off, and 
further treated with metallic zinc, which precipitates the tellu- 
rium as black sponge. This tellurium sponge is washed with 
water acidulated with hydrochloric acid, filtered rapidly, dried 
and melted, without any further addition, in a platinum crucible, 
giving raw tellurium, which always contains some lead, copper, 
nickel, and antimonium. 

If the tellurium sponge is first dissolved in chlorine water, 
then treated for a considerable length of time with sulphuric, 
acid, pure tellurium is obtained and can be melted down as 



HAUCJEi'S TREATMENT OF TELLURIDES. 243 

such. After the separation of the largest proportion of the 
gold and the tellurium, there remains chloride of silver and 
some gold in a still soluble condition in the solid residues. 
In treating the damp residues with a solution of iron sulphate, 
the gold is converted without loss into its metallic state. From 
the residues, both silver and gold can be obtained by amal- 
gamation, and where practicable can be smelted down with 
lead. 

A practical trial on 7 kilos of telluride ores, containing 
21*25 grams gold an( i 2I ’°6 grams silver, gave the following 
result : — 

The oxidising roasting in a muffle furnace took an hour and 
a half and the roasted ore weighed 6*498 kilos ; there was, there- 
fore, a loss in roasting amounting to 0*502 kilos, or 7*2 per cent. 
The contents of the roasted ore were 21*175 grams gold, and 
20*25 grams silver ; therefore the loss in roasting in gold 0*075 
grams, or 0*35 per cent., in silver 0*81 grams, or 3*87 per cent. 
From these 6*498 kilos of roasted ore only 6 kilos were taken 
for the operation, containing 19*55 grams gold and 1870 
grams silver. These 6 kilos were introduced slowly and under 
constant agitation into a mixture of 3 litres water, 2 litres raw 
hydrochloric acid (20° B.\ and 0*3 kilos concentrated sulphuric 
acid. An active development gf carbonic acid and disengage- 
ment of chlorine took place, and the mass foamed up consider- 
ably. After twenty-four hours, during which time the mixture is 
repeatedly stirred, 2 litres of water were added, and then left 
standing quietly for two hours, and the solution, which was not as 
yet quite clear, was then decanted. The solution was renewed 
three times and the resulting 10 1 litres of brine were treated 
with 2 litres of iron sulphate solution (25 0 B.) and well stirred. 
The metallic gold was completely precipitated after twenty-four 
hours, and the liquid separated by decantation. The residue 
after filtering was dried and melted, with an addition of lead ; and 
after cupellation 16*67 grams, or 82*2 per cent, of the pure 
gold was obtained. This product could have been increased 
to 90 per cent, if a fourth solution had been used. 

The brine decanted from the gold was treated with 2 kilos 
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metallic zinc. The tellurium precipitated after twenty-four hours 
as a black sponge. After decantation, filtering of the residue, 
drying and smelting, 30 grams of raw tellurium were obtained, 
or 0*43 per cent, of the weight of the ore. The richness of the 
ore in tellurium was found to increase with its contents in 
g°!d. 

For the precipitation of the tellurium 200 grams zinc were 
required — that is, 3 per cent- of the weight of ore. The residue, 
containing some iron sulphate solution, weighed 5*25 kilos ? 
consequently the loss in lixiviation was 0*75 kilos, or 12^ per 
cent. This residue contained 3*88 grams gold and 17 grams 
silver. From the solution was obtained 16*07 grams gold, and 
adding 3*88 grams contained in the residue, makes 19*95 g ranis 
gold, which according to the assay contents of 19*55 grams 
proves a gain of 0*40 grams, or 2 per cent. 

The assay showed 18*70 grams silver, and the residue 
contained 17*03 grams; there was a loss, therefore, of 1*67 
grams, or 8*9 per cent. This discrepancy can only be 
accounted for by the impossibility of obtaining from the ores 
a perfect assay sample to represent a correct average ; and, 
further, during the assaying process, either in smelting of 
cupellation, the volatilization of tellurium will carry off some or 
the precious metal with it. 

This method can be carried out on a large working scale, 
and will prove a cheap mode of extraction for the metals con- 
tained in tellurides. 



CHAPTER VIII. 

SMELTING OF GOLD ORES AND REFINING OF GOLD 
BULLION 

The Hungarian Method of Smelting with Iron Pyrites — Cupel- 
lation — As practised in London — Cupelling Furnaces on the Continent 
— The Parting Process — Parting with Sulphuric Acid — Mint Parting 
with Nitric Acid — Refining of Brittle Gold— Miller’s Process for Re- 
fining Gold with Chlorine Gas. 

The Hungarian Method of Smelting with Iron 
Pyrites. — I think I may claim for Hungary — my native 
country — the introduction of a system by which gold is 
extracted from ores by direct smelting , a method which is 
practised there with iron pyrites containing a small quantity of 
gold. 

When this mineral is heated to a certain temperature with- 
out access of air, it loses half its sulphur, and becomes con- 
verted into a fusible sulphide of iron. In treating auriferous 
iron pyrites contained in a quartz matrix, a flux must be 
added to melt the quartz ; a slag will then be formed, and the 
sulphide of iron will unite with the greater portion of the gold 
present, forming a heavy regulus, which will subside to the 
bottom. The stratum of sulphide of iron thus formed beneath 
the surface of the slag and scoriae produced by the fusion of 
the earthy and silicious gangue is technically termed a “ matt.” 
If this matt, containing the gold, be now roasted, or oxidized 
by heating it with free access of air, whereby it is deprived of a 
further portion of its sulphur, and the product be mixed with a 
fresh quantity of crude auriferous pyrites, and smelted again, a 
second matt will be obtained, which will contain the gold from 
the first and second charges of the auriferous ore. This 
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process may be repeated a third, fourth, or any number of 
times, until the precious metal has been sufficiently concen- 
trated in the substratum of sulphide of iron to admit of its 
profitable extraction. The last matt, containing the whole of 
the gold which has accumulated from the successive charges, 
and brought, therefore, to any required richness, is roasted and 
then fused with metallic lead, litharge, or with a mixture of 
galena and metallic iron. The gold is abandoned to the libe- 
rated lead, from the top of which the impoverished unde-* 
composed sulphide and oxides may be skimmed off. 

By this process the gold is obtained in a more concentrated 
.form, or mixed with a smaller proportion of lead, than when 
the latter is used directly as a means of separating and collect- 
ing it from the smelted ore. The employment of the iron 
pyrites in the manner above described is only attended with 
advantage when it constitutes part of the ore itself, or when it 
can be readily and cheaply procured in sufficient abundance. + 
When it forms a principal ingredient in the ore, it is manifestly 
highly advantageous, in point of economy, to employ it as a 
vehicle for the concentration of the precious metal, while it 
contributes at the same time to increase the amount of the 
product. 

I know only of one locality in the United States, and that 
is in Montana, where this process has been put into practice 
and has proved a success. 

Cupellation. — Another important metallurgical operation is 
the extraction of the gold from the lead, and this has been per- 
formed from the most remote antiquity by a process called 
cupellation. This process, which is very simple in principle, is 
at the same time one of the most elegant metallurgical opera- 
tions ever invented. It depends on the circumstance that when 
silver and gold are exposed in a state of fusion to the action of 
the air or oxygen, they neither give off perceptible vapours nor 
are sensibly oxidized, they remain, in short, unaffected ; where- 
as, under similar circumstances, lead and almost all the other 
metals are oxidized with greater or less rapidity. There is also 
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an important peculiarity connected with lead, which renders it 
the only metal, except bismuth, applicable to the process of 
cupellation. This peculiarity consists in the circumstance 
that the oxide of lead, known as litharge, is fusible at a bright 
•red heat, and in this state absorbs any other metallic oxide 
with which it may happen to be in contact, but which, without 
the influence of the oxide of lead, would remain uninfluenced 
by the heat. For example, if copper be present as an oxide it 
is taken up by the melted oxide of lead ; and if the latter can 
be separated from the gold and silver, the oxide of copper will 
be expelled along with it. 

This separation may be effected in various ways, but 
particularly by means of bone-ash, which possesses the peculiar, 
property of absorbing the melted litharge even when mixed 
with a certain proportion of other oxides, whereas it remains 
impermeable to the unoxidizable metals. Hence, if a vessel 
be formed of pounded and compressed bone-ash, and into this 
vessel a mass be introduced, consisting of a mixture of litharge 
or oxide of lead, copper or oxide of copper, and native gold 
(which always contains a certain proportion of silver), and if 
this mixture be exposed to a considerable heat, the oxide of 
lead will dissolve the oxide of copper, and both will be 
absorbed by the bone ash, while the mixture of gold and silver 
will remain in the vessel, melted, but otherwise unaffected. 
Hence it follows that gold or silver, or a mixture of the two, 
may readily be deprived of copper or any other oxidizable 
metals by cupelling with oxide of lead. For this purpose it 
is not necessary to employ the oxide itself in the first instance. 
When metallic lead is heated to a temperature above its melt- 
ing point, it rapidly combines with the oxygen of the air, the 
product being in the first place yellow oxide of lead, which 
appears as a scum on the surface ; and when the temperature 
is raised to about bright redness, this oxide is converted into 
litharge, or the fusible oxide, which immediately melts. 
Pure copper requires no less than sixteen or seventeen times 
its weight of lead to absorb it in the manner above mentioned. 

In carrying out the cupellation process on a large scale we 
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do not utilize the absorption power of the cupel alone, but are 
assisted by another agency, which is compressed air* 

The English method of Cupellation or refining, as 
carried out in a large refinery located in the heart of the city of 
London,* is as follows : 

In preparing the cupel, a piece of flat wrought iron, about 
| to i inch thick and 4 to 5 inches wide, is bent into the form 
of an oval hoop and the ends are welded together. The larger* 
diameter of the hoop is in conformity with the size of the 
cupelling furnace and varies from 4 to 5 feet, and the short 
diameter from 2\ to 3 feet. Five or six flat bars are fixed to 
the lower part of the hoop, arranged parallel to each other in the 
direction of the short diameter. The first bar is placed about 
9 inches from one end of the oval, and the others at equal dis- 
tances between this bar and the other extremity. The hoop 
is then placed with the cross bars downwards upon a solid 
floor, and a quantity of pounded and sifted bone-ash is beaten 
firmly into it with a wooden rammer until it is entirely filled, 
or the bone-ash is level with the upper edge of the hoop. The 
bone-ash employed for this purpose is mixed with about one- 
tenth, by measure, of fern ashes, or one-fortieth by weight of 
American pearl-ashes, and moistened sufficiently to become 
coherent by pressure. The fern or pearl ash has the property 
of giving greater consistency to the bone ash when heated. 
When the hoop or frame has been well filled with this mixture 
and solidly beaten down, the surface is carefully scooped out 
with a trowel all round the centre, so as to form a shallow 
concavity of about 2% inches in depth, leaving a wall of bone- 
ash all round, about 2 inches in thickness at the top, and 3 
inches at the bottom, except at one end, where a thickness of 
13 inches is left ; whilst the thickness of the sole itself is 
reduced to one inch above the upper surface of the iron cross 
pieces. At the end of the test where the wall is left 13 inches 
thick — which is termed the breast — a segment of the bone-ash 
contiguous to the hoop is removed. 

* The refinery of Messrs. Browne & Wingrove. 
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This apparatus is represented in Figs. 105 and 106, of which 
the former is the plan, and the latter a longitudinal vertical 
section. In these drawings the letters a a denote the iron hoop ; 
a a the transverse bars ; e indicates the cavity in the bone-ash ; 
B, the breast ; and f, the space where the bone-ash is removed 
between the breast and the iron. In cupels of more modern 
construction the bone-ash is not removed from the part f, as 
the litharge is found to come in contact with the iron ring, on 
which it exerts a powerfully corroding action, when such an 
arrangement is adopted. In place of this, however, a round 
hole is cut in the centre of the breast near f, to which channels 
are cut. 

When fully prepared, the test is allowed to dry, and is then 



placed in a furnace, constructed in all respects like a common 
reverberatory furnace, except that a space is left open in the 
bed of it to receive the test, and that the width of the arch is 
much reduced (see Figs. 107 and 108). The test, when placed 
in position, forms the bed of the furnace, with the long dia- 
meter transversely. The test is placed on a small flat bogie 
car c built of iron, whose platform can be raised by means of 
three jack screws g , and the part f of the test projects beyond 
the platform of the bogie. The whole is run now under the 
arch forming the lower part of the furnace, and by means of 
the jack screws the test is raised into position, thus forming 
the hearth of the furnace. The fireplace a of a furnace is 
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generally 18 inches wide by z feet 4 inches long, or less, and is 
separated from the body or bed — and in this case, the cupel — 
by a fire bridge £ 18 inches wide, which allows the flame to 

pass directly over the 
surface of the cupel 
h, from whence it 
passes into a chimney 
/. At the side of the 
lurnace, opposite the 
breast of the cupel, is 
an opening w through 
which passes the noz- 
§ zle of a continuous 
g pair of bellows. 

^ When introducing 
p a fresh cupel or test, 
u the fire must be low 

w 

S and heat must be ap- 
g plied with great cau- 
2 tion, or otherwise 

* the bone-ash will split 
g to pieces ; and for the 

* same reason thebone- 
£ ash must be dried 

very gently. 

When silver lead 
containing gold is to 
be cupelled, it is first 
smelted in a cast-iron 
pot set in a furnace 
near at hand, and 
after the cupel is red 
hot, the metal is ladled in till the cupel is nearly full. The 
blast is turned on, and oxidation sets in very quickly. At 
first the lead becomes covered on the surface with a 
yellow or grayish dross, but on further raising the heat, the 
surface of the bath “ uncovers,” and a film of melted litharge 
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begins to appear. Part of this litharge sinks into the bone- 
ash of the test, which it soon saturates. The blowing 
apparatus at the back of the test is now set in motion, 



and forces the litharge as it forms forward to the breast, b, 
across the surface of which a channel is cut, through which the 
litharge begins to flow, and runs over at the end through the 
vacant space, f, into a movable iron pot,/, placed on the floor 
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for its reception. The current of air introduced at the back of 
the cupel not only assists in clearing away the litharge, but 
supplies the amount of oxygen necessary for its rapid forma- 
tion. In proportion as the litharge flows away, more of the 
melted lead is gradually supplied to the test, which is done 
by ladling it into a channel from the pot outside the fur- 
nace through the opening l. After a certain period, the 
channel first formed in the breast, b, becomes much corroded ; 
it must then be stopped and a second and third channel sue-* 
cessively formed for the same purpose. In this manner the 
operation may be continued until six or eight tons of the rich 
lead have been refined on the same test. 

In dealing with dore silver containing a large percentage of 
copper, the refining is carried out by first melting the dore silver 
bullion in a wind furnace in crucibles, and ladling it into the 
previously heated cupel and adding molten lead in sufficient 
proportion to carry all the copper away. The proportions of 
lead necessary to purify the silver are substantially identical 
with those given in the chapter on assaying of bullion (see 
page 268). 

Towards the conclusion of the operation some striking 
appearances are often presented. If the gold present is mixed 
with a considerable amount of silver, the surface of the mass, 
as it cools, is suddenly thrown into agitation; cones, or little 
craters, sometimes several inches in height, are thrown up, 
from which oxygen gas escapes with violence, projecting 
particles of silver with considerable force. This phenomenon 
is termed “ spitting , 1 " or sometimes “vegetation,” from the 
beautiful arborescent forms which are presented, and arises 
from the circumstance that metallic silver, when melted, has 
the property of absorbing six times its volume of oxygen, 
which is ejected with violence at the moment of solidifi- 
cation. 

After cupellation, if it is not desired to solidify the metal in 
the test, the latter can be lowered by means of the jack screws; 
the bogie is run out from under the furnace arch, and the 
metal ladled quickly into moulds ; or a mould can be placed 
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under the test and a hole punched in the bottom, so as to allow 
the metal to flow in a regular stream into the mould. 

On the Continent, the process of refining is conducted with- 
out the use of a cupel, properly so called, no bone-ash being 
employed. The test, if it may be so termed, is the bed of the 
furnace itself, which consists of a kind of marl, firmly beaten 
down into a circular cavity, which slopes from the sides to the 
centre and is allowed to dry. The roof of the furnace, which 
consists of a flat dome of bricks, built in a strong circular hoop 
of bar iron, is movable, by means of a crane. Several tons of 
lead are introduced at one charging, and after the roof has 
been replaced, the blast is transmitted through one or more 
apertures in one side of the furnace. The whole mass of metal 
is then worked off continuously, without any addition, till the 
lead is removed, and the alloy of gold and silver is left approxi- 
mately fine. 

Tire Parting Process. — The final operation of separating 
the silver from the gold is termed “ parting,” and is generally 
performed in England, in private refineries, by means of nitric 
acid, which dissolves the silver without attacking the gold. On 
the Continent and in the United States refineries the same 
effect is produced with hot sulphuric acid. 

Parting with Sulphuric Acid \ — The operation is very simple, 
and if any copper has been left in the alloy, it is separated along 
with the silver. Its presence is by no means injurious. In 
this process the proportion of gold must be less than in the 
parting with nitric acid, and the proportion of the gold to the 
silver should not exceed one-fifth. Experience has shown that 
the alloy should not contain more than one-twentieth part of 
copper. When the silver is not already present in the required 
proportion — which is never the case with native gold — the 
requisite excess must be introduced ; for when the amount of 
gold exceeds the proportions above stated, the particles of 
silver are so enveloped in that metal as to resist for ; 
time the action of the strongest nitric or sulphuric acid. 

The alloy being prepared in the requisite propose 

^iwallv done by introducing the exces* of fatotc 
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cupellation — it is melted in a crucible, and granulated by 
pouring it into cold water. For one part of the granulated 
alloy three and a half parts of concentrated sulphuric acid are 
taken, and the mixture is put into a platinum vessel, which is 
then introduced into the furnace. The vessel should not be 
more than two-thirds filled, to guard against the effects of effer- 
vescence, which might throw out part of the liquid. It is then 
covered with a platinum hood, provided with a beak or tube 
for conveying the gases and vapours into a condensing appara- 
tus. The capacity of the platinum retorts varies. After two 
or three hours’ boiling, varying the time according to the size of 
the retorts, the silver and any copper that may be present are 
completely dissolved. 

Owing to the great expense of platinum retorts, Mr. Tocchi 
introduced iron retorts, which can be safely employed, although 
the former are in general use. He found that the very concen- 
tration of the acid presents, of itself, an obstacle to the precipi- 
tation of the silver or copper by the iron ; and, further, that the 
interior surface of the retort acquires a coating of silver, so that 
the iron and the liquid soon cease to be in contact. This 
point has not been sufficiently studied, but the fact has been 
placed beyond doubt that the operation succeeds very well in 
iron vessels, and accordingly, in many refining establishments, 
no others are employed. 

It cannot fail to be observed that, assuming the proportions 
above given, the quantity of sulphuric acid is much greater 
than would be strictly necessary to convert the silver and 
copper into sulphates. Supposing the alloy to be as poor as 
possible in gold, theory would indicate the following quantities 
of acid as being sufficient for this purpose : 


Parts. Parts. 


Copper ... 

50 would require 

155 sulphuric acid. 

Silver 

... 949 „ » 

861 ,, ,, 

Gold 


0 it 

Alloy 

1000 

1016 


But pa the amount of sulphuric acid employed is actually 
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3,500 to 1,000 of alloy, there is an excess of about 2,500 of 
acid, intended to hold the sulphates, especially the sulphate of 
copper, in solution. 

When the silver and copper are completely dissolved, the 
retorts are withdrawn from the fire, and the solution is left to 
cool, in order that the gold may settle to the bottom. The 
liquid is then decanted ; the gold, which remains in the vessel, 
is carefully washed, and the water employed in this operation 
is added to the sulphate solution. Lastly, the purified gold is 
melted, and after being cast into ingots, is ready for com- 
merce. 

The acid liquor containing the sulphates is poured into a 
leaden boiler containing water and copper shavings. Heat is 
applied and the sulphate of silver is soon completely decom- 
posed. The precipitated silver is collected and submitted to 
repeated washings, always adding the water to the contents of 
the boiler, to be treated in the next operation. Lastly the 
silver is dried in a small iron pan, and is then melted in a 
crucible to be cast into ingots. The acid solution, which now 
contains only sulphate of copper, is evaporated in the lead 
boilers till it is fit to crystallize. It is then put into the crystal- 
lizing pans, and the mother waters are further evaporated to 
obtain more crystals. This process is continued till the liquid 
becomes very concentrated, and consists almost entirely of sul- 
phuric acid. In this state it is termed “black acid,” on 
account of its colour, which is due, in great part, to organic 
matters, dust, and other impurities, which fall in it during the 
evaporation in the crystallizing pans. The black acids may 
either be employed to repeat the same operation, or turned to 
useful account in different manufacturing processes, which do 
not require that the sulphuric acid be pure if highly concen- 
trated. 

Mint Parting with Nitric Acid . — In the next chapter, on 
Assaying, I explain that when gold has to be separated from 
silver, the last named metal must be present in the alloy in the 
proportion of at least 2\ to 1, otherwise the gold will soxoy^ 
the silver as not to permit a perfect separation of the 
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even if boiled for some time in nitric acid. The usual pro- 
portion in practice is 3 silver to 1 gold. Therefore, if we have 
a gold alloy weighing 1,000 ounces, 800 fine in gold, this will 
require — supposing the other 200 parts to be silver — (3 x 800) 
— 200 = 2,200 ounces of fine silver, which has to be melted 
together with the 1,000 ounces of alloy. After fusion, the 
molten mass is granulated by being poured into a large vat 
filled with cold water. The object of this granulation is to 
reduce the metal into small particles of various shapes, offering* 
a large surface to the acid, which quickens the operation of 
dissolving. 

The silver granules can be dissolved in glass retorts, with 
openings leading to a high chimney, so as to draw off the 
copious nitrous acid fumes. The retorts are placed on a sand 
bath. The gold remains behind as a brown powder, which 
after the nitrate of silver solution is drawn off into large stone- 
ware tanks, is washed, dried and melted in Morgan’s black-lead 
crucibles with borax and saltpetre. 

To the nitrate of silver solution is added a concentrated 
solution of common salt — chloride of sodium — which throws 
down the silver as a white curdy precipitate of chloride of 
silver. After drawing off the acid this chloride of silver is now 
reduced, by the addition of metallic zinc and water acidulated 
with sulphuric acid, to metallic silver, which is very light and 
spongy. It is collected in filters, washed for some time 
so as to free it from any soluble salts, and compressed under a 
powerful hydraulic press into cylindrical slabs, which are dried 
in ovens. After drying they are heated and assume a metallic 
lustre, and are now ready for the melting-pot. This operation 
gives silver nearly 1000 fine. 

For making it into coin 900 parts of this silver, after being 
cast into ingots, are melted with 100 parts of refined copper, 
which makes the standard American alloy for the silver coin. 

Refining of Brittle Gold by Chlorine Gas. — Mr. F. B. 
Miller, Assayer in the Sydney branch of the Royal Mint, has 
fed a method of refining gold which is perfectly suitable 
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for removing such metals as lead, arsenic, antimony, and 
bismuth. These alloys, if only forming the rsV&th part of the 
whole mass, render the metal brittle, and totally unfit for 
coinage and the arts. The process consists in passing chlorine 
gas through the metal, while in a molten state, for about four 
or five minutes. The base metals are thus converted into 
volatile chlorides which escape ; and should there be any silver 
present it is con- 
verted into chloride 
of silver which floats 
on the surface of the 
metal. 

In order to avoid 
loss of silver, an 
earthenware crucible 
should be employed 
which has been pre- 
viously dipped in a 
solution of borax ; 
borax should also be 
introduced into the 
crucible with the 
gold. _ 

Fig. 1 09 shows the \ 
arrangement as ad- 
opted in the Royal 
Mint, in London, by Fig. 109.— Refining Apparatus. 

Mr. Roberts-Austen 

(Principal Assayer), for refining brittle gold by Miller’s process, 
operations for the purpose having been conducted there on 
an extensive scale. The chlorine is generated in an iron vessel 
having a capacity of 8 gals., and situated behind the flue. 
From it the gas is led by means of a long clay pipe under- 
neath the surface of the molten metal, the pipe passing through 
the cover of the crucible, which, of course, should not be 
luted. 

Mr. Miller has described his process as follows : — 

s 
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“ There is no recorded instance of gold having been found in 
an absolutely pure state. Every natural alloy of native gold 
contains more or less silver ; and in almost all bullion resulting 
from the melting of alluvial gold the portion that is not gold 
consists chiefly of silver, with only a very small portion of 
foreign metals, usually copper and iron, with occasionally a 
little lead or antimony, and sometimes a trace of tin, iridium, &c. 
This, however, though true generally, is not always the case 
with gold obtained from quartz veins by amalgamation, as tha 
mercury occasionally reduces and takes up other metals as well 
as the gold, which appear in the bullion on melting. Where 
silver is associated in varying proportions with the gold the 
question will naturally arise, Is this argentiferous character in 
anyway connected with the geological structure of the district? 
It is a fact, and certainly a very curious one, whether it arises 
from accidental causes, or whether it may hereafter be traced 
to peculiarity in the rocks whence the gold of the different 
districts is derived, that its quality or fineness deteriorates the 
further north we go in New South Wales; in other words, it 
contains more silver and less gold. 

“ Thus the average fineness of Victorian gold is about 23 
carats, that is to say, it contains about 96 per cent, of gold and 
3 J of silver, with \ per cent, of base metals ; while, on pass- 
ing north, we find the average fineness of New South Wales gold 
to be only 22 carats i-J grains, or to contain 93^ per cent, of 
gold and 6 per cent, of silver. On going still further north to 
the colony of Queensland, the average fineness is little more 
than 21 carats (considerably below standard), or it contains 
87 i per cent, of gold and 12 per cent, of silver, and some con- 
tains only 85 per cent, of gold. 

“ These are averages only. It is not to be supposed that 
there is a regular and consecutive diminution in fineness with 
every degree of latitude we go north. There are exceptional 
localities in the north of this colony where gold is found of a 
high degree of purity, as at Rocky River, where it is over 
23 carats fine, or 96 per cent. Possibly at a future time oui 
geologists may be able to throw some light on these curiow 
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formed being more volatile than the chloride of copper, but 
much less so than those of lead, tin, zinc, or antimony. 

“The method of refining now to be described is based upon 
these facts. It consists simply in passing a current of chlorine 
gas through the gold while in a melted state, which is easily 
done by thrusting into the molten metal a small clay tube con- 
nected with a stoneware vessel in which chlorine is generated. 
The chlorine on coming in contact with the silver in the molten 
alloy at once combines with it, forming chloride of silver, which, * 
being of less specific gravity, rises to the surface of the melted 
gold, while the latter remains in a purified condition beneath. 
Chloride of silver has always been considered a somewhat 
volatile substance, and under circumstances such as those here 
described it was naturally supposed that it would be either sub- 
limed in the flue or escape entirely up the chimney ; but in 
practice it is found that the volatility of the chloride is not 
nearly so great as might have been anticipated, and that if it 
is coated with a layer of fused borax it may be kept melted at 
a high temperature without any very material loss. The fur- 
nace required for the operation is the ordinary 12-inch square 
gold-melting furnace, the principal points to attend to in its 
construction being — 

“1. That the flue should be as near the top as possible, so 
as to allow of the crucible standing high up in it without being 
cooled by the draught. 

“ 2. That the furnace itself should not be too deep, so that 
when the pot is placed in the fire the bottom of it may not be 
more than 3 in. above the bars. The covering of the furnace 
should consist of two fire-tiles, in. wide and 15 in. long, 
one of which should have a long slot or hole in its centre for 
the clay chlorine pipes to pass through. An iron cover will 
not answer, as it soon becomes much too hot for convenient 
working. 

“The crucibles in which the refinage is performed should be 
French white fluxing pots* (made by De Ruelle, Paris) ; ordi- 

♦ Special crucibles for the purpose are now manufactured at the Batter, 
sea Works, London, for the Sydney Mint.— M. E. 
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nary black-lead pots will not answer, owing to the reducing 
action they exert on the compounds formed. To prevent the 
infiltration of the very fluid chloride of silver into the pores of 
the clay pots, they are prepared by filling them with a boiling 
saturated solution of borax in water, which is allowed to stand in 
them for ten minutes and is then poured off, the crucibles being 
afterwards set aside to dry ; the borax forms a glaze on the inner 
surface of the crucibles when they become hot in the furnace. 
When used for refining these French clay crucibles are placed 
within black-lead pots as a precaution against loss should the 
former crack, which, however, seldom happens. The crucibles 
are covered with loosely-fitting lids with the requisite holes 
bored through them for the passage of the clay chlorine pipes, 
&c. Ordinary clay tobacco-pipe stems, from 17 to 22 in. long, 
have been found to answer well for the purpose of passing the 
chlorine gas through the melted gold. Of late a pipe made in 
London to order, £ in. in diameter, 22 in. long, and A in. bore, 
has been found to answer all requirements. The chlorine 
generators should consist of the best glazed stoneware acid 
jars, capable of holding from ten to fifteen gallons, and fur- 
nished with two necks. One of these openings should be 
stopped with a sound cork or vulcanized india-rubber plug if 
obtainable, through which should pass tightly two glass tubes — 
the eduction tube and the safety or pressure tube, the length of 
the latter 8 or 10 ft., and the former being a few inches spliced 
where necessary by means of vulcanized india-rubber tubing. 
The other opening, intended for introducing the oxide of man- 
ganese, &c., should be closed with a leaden plug, covered with 
a short piece of india-rubber tube by way of a washer, and well 
secured. 

“ Each generator should be charged with a draining layer of 
small quartz pebbles, down nearly to the bottom of which the 
pressure tube should extend. On this layer should be placed 
from 70 to 100 lbs. weight of binoxide of manganese in grains 
about i in. cube, sifted from powder ; this quantity will be 
sufficient to effect many refining operations, and will obviate 
the necessity of repeated dismantling of the apparatus. Each 
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generator should be suspended to about half its height in a 
galvanized iron water-bath. 

* The chlorine gas is produced when required by pouring 
common hydrochloric acid, specific gravity ri 5, down the safety 
tube, the apparatus being warmed by means of gas burners be- 
neath the water-baths. The gas is conveyed from the generators 
by means of a leaden pipe fitted with branches to supply the 
several furnaces, all intermediate connections being formed by 
means of vulcanized india-rubber tubing, which, if screened from * 
the direct radiation from the fire, stands the heat well, even 
immediately over the furnaces. All joints between the various 
pipes and india-rubber tubes are easily secured and rendered 
perfectly gas-tight with a cement consisting of a thin solution 
of india-rubber in chloroform. 

“ Screw compression clamps on the india-rubber tubes give 
the means of regulating the supply of gas as required, and 
enable the operator to shut off entirely so soon as the refining 
is over. The chlorine then having no means of escape accumu- 
lates in the generator, and soon forces all the acid up the safety 
tube into a vessel placed above to receive it, and the acid no 
longer acting on the oxide of manganese, the supply of gas of 
course ceases. Two such generators as are here described, and 
three ordinary gold-melting furnaces, have been found capable 
of refining daily about 2,000 ounces of gold, containing about 
10 per cent, of silver, between 9 a.m and 2 p.m. 

“The French crucibles, say size 17 or 18, duly prepared with 
borax, having been placed in the cold furnace and slowly and 
carefully heated to dull redness, the gold, from 600 to 700 
ounces to each crucible, is introduced and the fire urged until 
the metal is melted, the necessary generation of chlorine having 
meantime commenced by the introduction of a little hydro- 
chloric acid poured down the safety tube into the generators. 

“ As soon as the gold is melted from 2 to 3 ounces of borax 
in a state of fusion is poured upon its surface. If the borax is 
added sooner it acts too much on the lower part of the pot, 
and if thrown in cold is apt to chill the gold. The clay pipe 
which is to convey the chlorine to the bottom of the melted 
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gold is now introduced. It is necessary to carefully heat the 
lower portion of this pipe for some ten minutes before intro- 
ducing it into the molten gold, or it is apt to split. At the 
moment of its entering the melted gold the screw compression 
clamp is slightly loosened so as to allow a small quantity of 
gas to pass through it, and thus prevent any metal rising and 
settling in the pipe, which is then gradually lowered to the 
bottom of the molten gold, where it is kept by means of a few 
small weights attached to the top. The compression tap is 
now quite relaxed, and the gas is heard bubbling up through 
the melted metal, which it does quietly and without projection 
of globules from the pot. 

“ Sufficient hydrochloric acid must be added to the generators 
from time to time to keep up a rapid evolution of chlorine. A 
rough general rule is to allow one imperial quart of acid of 
1*15 specific gravity to every 10 ounces of silver in the alloy 
operated on. The column of liquid in the safety tube, acting 
as it does like a barometer, affords a ready means of knowing the 
pressure in the generator, and of judging of the rate of produc- 
tion of the gas, as well as at once showing by its fall if anything 
irregular has occurred, such as a leak or a crack of the chlorine 
pipe or pot. From 16 to 18 in. in the safety tube correspond 
to and balance 1 in. of gold in the refining crucible. When 
the chlorine is first introduced into the melted gold, a quantity 
of fumes are seen to pass up from the holes in the crucible lid ; 
these are not chloride of silver, but the volatile chlorides of 
some of the baser metals, and they are especially dense when 
much lead is present in the alloy under treatment, forming a 
white deposit on any cold substance presented to them. After 
a time, longer or shorter according to the impurities in the 
gold, the fumes cease. So long as any decided quantity of 
silver is present in the molten gold, the whole, or nearly the 
whole, of the chlorine is absorbed, little, if any, appearing to 
escape and to be thus wasted, and it is found that the better 
the supply of chlorine the quicker is the operation. 

" It is a curious circumstance that though, in toughening with 
corrosive sublimate, this substance is only thrown on the surface 
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of the melted gold, yet the whole mass is toughened by its 
action. It seems essential, in using chlorine, that the gas 
should pass to the very bottom to effect a complete refinage. 

“ As soon as the operation is nearly over fumes of a darker 
colour than those observed at the commencement make their 
appearance, and the end of the refinage is indicated by a pecu- 
liar flame or luminous vapour of a brownish yellow colour, 
occasioned by the free and now waste chlorine escaping, which 
can be seen on removing a small plug which fits into a hole in 
the lid of the pot. This, however, of itself is not a sufficient 
indication ; the process is not complete until this flame imparts 
to a piece of white tobacco pipe, or similar substance, when held 
in it for a moment, a peculiar reddish or brownish yellow stain ; 
so long as it gives any other colour the refinage is unfinished. 

“ When these appearances are observed, usually for gold con- 
taining about ten per cent, of silver in about an hour and a half 
from the introduction of chlorine, the gas is shut off and the pots 
removed from the fire, the white crucible lifted out of the black 
one, and together with its contents allowed to stand several 
minutes, until the gold becomes cool enough to set or 
solidify. The chloride of silver which remains liquid much 
longer is poured off into iron moulds. The crucible is then ' 
inverted on an iron table, when the still red-hot gold falls out 
in the shape of a cone ; this is slightly scraped and then thrown 
hissing into a concentrated solution of common salt, to free it 
from any adherent chloride of silver. 

“ An alloy containing originally 89 per cent, of gold, 10 per 
cent, of silver, and 1 per cent, of base metals, will yield on an 
average a cake of chloride weighing, with a little adherent 
borax, 15 ounces for every 100 ounces operated on. 

“ It is necessary very carefully’to dry and heat the moulds into 
which the chloride of silver is poured, as the slightest moisture 
causes the latter to be violently dispersed while red hot, to the 
great risk of the bystanders. 

“With ordinary care this will never happen, but attention is 
called to the point as a very deliquescent chloride of iron is apt 
to form on the moulds. 
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“ The gold is now fine, and simply requires re-melting into 
ingots. 

“ As before stated, it is found that all these operations can 
readily be performed, and about 2,000 ounces refined per day in 
three common melting furnaces, in five hours ; 98 per cent, of 
the gold originally contained in the alloy operated on is then 
ready for delivery. The other 2 per cent, remains with the 
chloride of silver, partially in the metallic state and partly in a 
state of combination with chlorine, and probably with silver. 

“ To free the chloride of silver from this combined gold it is 
melted in a boraxed white-pot, with the addition of from 8 
to 10 per cent, of metallic silver, rolled to about one-eighth 
of an inch thickness. The chloride of gold is by this means 
reduced at the expense of the metallic silver, chloride of silver 
being formed, while the liberated gold sinks, and melts into a 
button at the bottom of the pot. As, soon as the whole is 
thoroughly melted the pot is removed from the furnace and 
allowed to stand about ten minutes, and the still liquid 
chloride of silver is then poured into large iron moulds, so as 
to form slabs of convenient thickness for the next operation, 
that is, the reduction to the metallic state. 

“ After the fusion of the chlorides a small quantity of acurious 
spongiform substance adheres to the sides of the crucible used, 
probably consisting of sub-chloride of silver, but since it 
always contains a little gold care has to be taken in pouring off 
the fluid chlorides to prevent this auriferous sponge from fail- 
ing out and mixing with them. 

“ The slabs of chloride of silver are reduced without difficulty 
by plates of wrought iron or zinc in the usual way. Besides 
the separation and recovery of the silver as above described, 
another useful end is gained by this process. 

“ A very large proportion of the gold of Australia is more or 
less brittle, an effect generally due to the presence of small 
quantities of lead or antimony, rendering the bullion quite 
unfit for coinage or manufacture until it has undergone some 
process to render it tough. 

“ The methods usually employed for this purpose are either 
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fusion with nitre and borax, melting with oxide of copper, or 
the addition of corrosive sublimate (bichloride of mercury) to 
the melted gold. The two former of these plans are trouble- 
some, from the corrosive action they exert on the crucibles, 
and the last, namely, the employment of corrosive sublimate, 
which is that usually employed, is most objectionable, from the 
dense and highly injurious fumes evolved. 

“ The passage of chlorine gas through the melted gold is 
found to effect the complete toughening of the metal by the 
elimination, as volatile chlorides, of the materials which render 
it brittle, while the evolution of the deleterious mercurial fumes 
is avoided. 

“In themetallurgic treatment of the precious metals some loss 
is always sustained, but that incurred in the process here 
described is found very small. 

“ The average loss of gold in operating hitherto has been 
found to amount to 19 parts in every 100,000 of alloy treated, 
which is considerably less than would be met with in toughen- 
ing an equal amount of gold with corrosive sublimate in the 
ordinary manner. 

“ The loss of silver has amounted to 240 parts in every 
100,000 of alloy operated on (containing originally, say, 10 per 
cent of silver). There is no doubt that a considerable portion 
of both these losses would be recovered on further treating the 
pots and ashes remaining after the operation ; and it is found 
that, as manipulatory skill is acquired, the proportional loss of 
silver appears to be decreasing. In refining on the large scale, 
gold containing 10 per cent, of silver, the cost of the operation 
in Sydney is about five farthings per ounce. The fineness of the 
gold produced by this process varies from 991 to 997 in 1,000 
parts, thef average being 993*5 or 23 carats 3f grains. The 
remaining 6J- thousandths are silver, and this compares favour- 
ably with any of the previously known practical processes, 
none of which leave less silver than this in the resulting fine 
gold. 

“If the refined gold be subjected to a re-refinage by chlorine, 
the amount of silver left in it can be reduced to o f 2 per cent., 



REFINING BY CHLORINE GAS. 


267 


just as in the refinage by the ordinary sulphuric acid process, 
the same result can be obtained by subjecting the refined gold 
to a further refinage by bisulphate of potash. For practical 
working, however, this would probably never be attempted. 

“ The silver resulting from this method of refining is tough, 
but its quality varies somewhat according to the gold originally 
operated on ; if the alloy treated contains much copper, the 
greater part of this remains with the resulting silver, but the 
other metals are nearly all eliminated. 

“ The fineness of the silver hitherto obtained has varied 
from 918*2 to 992 in 1,000 parts, the average being 965*6. Ana- 
lysis of the silver resulting from the refinage of gold known 
originally to have contained, amongst the base metals in the 
alloy, copper, lead, antimony, arsenic, and iron, gave the 
following results 

Silver 972 '3 

Copper 25*0 

Gold 2*7 

Zinc and Iron Traces. 


1000 * 0 .” 



CHAPTER IX. 

THE MELTING AND ASSAYING OF GOLD . 

Melting and Assaying — Fusion with Borax — Melting Furnaces — 
The Molten Processes of an Assay — Manipulation of Weighing the 
Assay Piece — Valuation of Gold Alloys — Preparation of the Assay 
Piece — Cupellation — Parting of the Assay — Professor Roberts-Aus- 
ten on the Parting Process— Parting Assays — Gold containing Oxidis- 
able Metals — Assaying Gold Quartz — Assaying by Scoriiication — 
Forms of Cupels — Weighing the Button of Precious Metal. 

Fusion with Borax. — When the gold is received from the 
gold washer, in the shape of gold dust, or when it is separated 
from its ores by amalgamation or otherwise, it has to be sub- 
jected to a series of metallurgical operations to obtain it in 
a state of perfect purity. The first of 
these is that of fusion with borax, and 
casting the metal into ingots, by which it 
is obtained in a convenient form, and freed 
at the same time from earthy and other 
impurities. For this purpose the gold dust 
from the washings, or the spongy gold 
obtained by amalgamation, is mixed with 
fig. iio— plum ba g° a little dried borax, and is introduced into 

a black-lead crucible, Fig. no, previously 
heated in a common melting furnace. 

Melting Furnaces. — A convenient furnace is shown in 
Fig. in. It consists of two cylinders of sheet iron, placed one 
within the other, a represents the outer and b the inner cylin- 
der — the latter lined with a coating of fire-clay about one inch 
thick. Both cylinders are provided with a bottom, and are 
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fixed together at the top, air-tight, by a horizontal hoop or flat 
ring of metal, £ e, in such a way as to leave an equal space, 


c c, between their sides and 
bottom. The interior cylin- 
der, b b, is pierced at about 
the middle of its depth with 
eight holes, d d, which pass 
through the lining of fire- 
clay, and all point to the 
centre of the furnace, where 
the crucible, h, is placed on 
a piece of fire-brick, kept in 
its position by a little fire- 
clay, and surrounded with 
fuel. For a small furnace 



of this kind charcoal must 


Fig. iii.— Melting Furnace. 


be employed as fuel, and should be broken into pieces about 


as large as a walnut. The air is blown into the opening, f, 


by means of a double-action 
bellows, or a simple rotating 
fan may be used. By this 
means the air is driven in 
a steady equable current 
through the holes, d d, 
into the cavity of the fur- 
nace. The heat which 
may thus be produced with 
a furnace having an internal 
diameter of only a few 
inches is so intense as to 
be capable of melting man- 
ganese, or several ounces 
of cast-iron, with the great- 



est ease. 


Fig. 1 12.— Portable Wind Furhaci. 


A very convenient furnace for the fusion of small quantities 


of gold bullion up to 100 or 1 50 ounces, and for the melting of 
ore assays, is shown in Fig. 1 12. Being made in sections, it is 
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easily packed, and is of simple and durable construction, being 
built up of fire-clay and strengthened with hoop-iron bands. 
In the one which I use in my laboratory I can place with ease 
four Battersea No. io clay crucibles for ore assays. Owing to its 
portability this furnace is specially adapted for use in distant 
mining regions. It is made in three sizes, namely : B, io 
inches diameter, 20 inches height, 67 lbs. weight ; C, 1 1| inches 
diameter, 22 inches height, 90 lbs. weight; and D, 13J inches 

diameter, 26 inches height^ 
1 44 lbs. weight. In the illus- 
tration, a is the socket to fix 
on iron chimney ; b the door 
Fig. 113.-INGOT Mould. for putting in crucible, and 

for cooking; c the crucible; 
d the door for regulating the draft ; e the iron grate. 

After the fusion of the metal, a slag, consisting of the 
grosser impurities, accumulates on the surface ; this, when too 
fluid, must be thickened by the addition of a little bone-ash, 
and then skimmed off. The metal is now cast into ingots by 
being poured into iron ingot moulds (shown in Fig. 113), pre- 



Fig. i 14.— Crucible Tongs. 

viously wanned and oiled by wiping the internal surface with 
a piece of tow dipped in sweet oil. 

The removal of the melting pot from the furnace with the 
crucible tongs (shown in Fig. 114), as well as the pouring the 
molten gold into the mould, requires a certain amount of 
practice and dexterity, as the operation must not allow time 
enough to chill the gold in the pot when once it is out of the 
fire. When the quantity of gold is large, the molten mass 
ought to be stirred in the pot when fused, and just before pour- 
ing. An iron rod is heated at one end to bright redness and 
then introduced into the molten mass and stirred gently, which 
insures a perfect uniformity of the ingot when cast 

The black-lead crucibles which have been used in a series of 
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melting operations retain some globules of gold, and these are 
preserved with a view to the subsequent extraction of the 
precious metal from them. 

When gold contains certain impurities, if they consist of 
easily oxidizable metals, these are generally removed by the 
addition of saltpetre in the last stages of the melting operation, 
which generally exerts a powerful oxidizing action on some of 
the so-called base metals. 

Several Processes of an Assay. — The assaying of gold 
means its quantitative determination in an alloy. The following 
metallurgical method is adopted in the Royal Mint and other 
establishments where assaying is regularly practised, it being 
not only more expeditious than the wet analysis, but admitting 
also of a greater number of assays being simultaneously con- 
ducted. The method consists of the following processes : — 

(1.) The accurate weighing and preparation of the assay 
piece or sample. In case of gold ingots two of the corners 
are chipped off with a chisel, one from the top and one from 
the bottom. 

(2.) Cupellation, or removing the copper and other base 
metals by oxidation or absorption. 

(3.) Parting by inquartation, or separation of the silver 
from the gold by dissolving the former metal in nitric acid. 

(4.) Final weighing of the resulting “ cornet,” and the 
applying of necessary corrections. 

Weighing the Assay Piece. — It is evident that, as the 
amount of metal to be operated upon is extremely small, it is 
of the utmost importance that the weight of the assay piece 
should be very accurately determined, both before and after 
the process. For this purpose very delicate balances are used. 
The form most generally approved* is shown in Fig. 115, which 
is capable of indicating jnsh>TF part of an assay pound of half 
a gramme (7*716 grains). The balance employed must be 

* As made by Becker, of New York, and by Oertling, of London, and 
other firms. 
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extremely sensitive, sure, and quick — qualities which require 
a very light and carefully constructed beam. The beam in 
the balance shown is io in. long, and usually weighs about 
125 grains. The scale pans rest in stirrups of palladium, and 
can be removed by means of forceps. The supports at the 



Fig. X15.— Assay Scales. 


centre and ends are shown on'a large scale in Fig. 116. Each 
stirrup hangs from two steel points resting in agate cups, and 
the agate knife edge at the centre does not come in contact 
with the agate palates until the supports have been removed 
from below the scale pans by means of the handle moving 
in a vertical slot in front of the balances. 

Two systems are employed for expressing the composition 
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of gold and silver ingots, and the weights used in “ weighing 
in " and “ weighing out " the assays are usually so prepared 
that the results obtained directly represent the composition, 
rendering calculations unnecessary. Thus when reports of gold 
assays are required on the trade system, the weight of metal 
employed (varying from 5 to 16 grains) — called the “ assay 
pound ” — is divided into twenty-four parts, called carats, and 
each of these is subdivided in carat grains and eighths of carat 
grains. 

If, however, assays are required on the millesimal system, 
the weight taken is called 1,000, and in weighing the cornet 
after the completion of the assay subdivisions of this 1,000 
are employed. 

The 1,000 weight, taken as the assay pound, is generally i 
gramme, and is the centre piece of an ivory box, containing all 
the subdivisions on this weight on the millesimal system. 

Valuation of Gold Alloys. — In England the standard of 
the alloys of gold is calculated in fractions of unity expressed 
in carats. Perfectly pure gold is taken as unity, and this is 
assumed to consist of 24 fractional parts or carats, each of 
which is divided into 4 imaginary grains, and these are again 
subdivided into eighths and “ excess grains,” so called in con- 
tradistinction to the primary divisions of a carat or “ carat 
grains.” One carat grain contains 60 excess grains ; thus, the 
divisions of the original weight or u assay pound ” taken will be 
as represented in the following table : — 






Excess Grains. 

Decimal Equivalent. 



— 

Eighth. 


Per Cent. 



Carat Grain. 





Carat. 



I 

*017 

Assay Pound. 



I 

7’5 

•130 



I 

8 

60 

104? 


I 

4 

3 2 

24O 

4*167 

Z 

24 

96 

768 

i 

576° 

100*000 


From the above the meaning of the term “ excess grain ” 

T 
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will at once be evident. It is the -nWth part of the weight of 
metal taken for assay, this ratio being the same as that borne 
by a troy grain to a troy pound. For accurately reporting the 
amount contained in a given alloy, it is necessary to use sub- 
divisions less than eighths. “Excess grains” are therefore 
employed, and their number is the same as the number of 
actual grains of gold contained in a troy pound in excess of 
the amount represented by the report in carats, grains, and 
eighths. % 

The standard alloy of the English gold coinage contains n 
parts of gold to i of copper, or in other words, 22 parts of 
gold to 2 of copper ; it is therefore said to be 22 carats fine. 
When assays are reported on this system, which is called the 
“ trade system,” the actual amount of gold is not given, but 
the metal is described as so much better or worse than 
standard, to indicate which the letter B or W is prefixed. 
Thus, suppose an assay to be given as B 1 ct. 3 grs. 5 eighths 
+ 3'5 excess grains. This means that it actually contains 
23 cts., 3 grs., 5 eighths, and 3-5 excess grains, in the total 
amount of 24 carats. The percentage composition of such an 
alloy would be 99'66 per cent, of pure gold and 0-33 per cent, 
of alloying metal (generally copper or silver). 

This system is still retained in the Mint, but has beer 
replaced by a decimal system. Perfectly pure gold is termed 
“ 1000 fine," and the report upon any sample of alloy indicates 
the number of parts of pure gold or silver in 1000 which th( 
sample contains. The English coin standard of 22 would b< 
equal to 9^6*667. In France and in the United States, th< 
standard coin is expressed by 900 of gold and too copper. 

The following table, which gives the values of the division 
used in the old method expressed in decimal fractions, will b 
found convenient for effecting any required conversion in th 
case of gold. As an example of its use, suppose it be require 
to convert the above trade report into its equivalent on th 
decimal system. Then — 
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23 carats will be equivalent to 
3 carat grains „ „ 

s eighths „ „ 

3*5 excess grains „ „ 


Thousands, 

958*22 

31-25 

651 

0*61 


Carat Grains. 

Decimal Equivalent. 

I 

10-317 

2 

20*833 

3 

31-250 

4 

41*667 

Eighths, 

Decimal Equivalents, 

I 

, 1*302 

2 

2*604 

3 

3-906 

4 

5-208 

5 

6-510 

6 

7-812 

7 

9-115 

8 

10-417 

Excess Grains. 

Decimal Equivalents. 

I 

0*174 

2 

0*347 

3 

0*521 

4 

0*694 

5 

0*868 

6 

1*072 

7 

1*215 

7*5 

1*302 


Carat. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

\l 

\l 

19 

20 

21 

22 

23 

24 


Decimal Equivalent. 

41-667 

83-333 

125*000 

166*667 

208-333 

250*000 

29r667 

333*333 

375-000 

416*667 

458-222 

500-000 

541-667 

583-333 

625-000 

666*667 

708-333 

750-000 

791-667 

833-333 

875-000 

916*667 

958*222 

1 , 000*000 


Preparation of the Assay Piece. — The comers of the 
lingots, if of malleable gold, are hammered out on a small 
anvil with a clean flat hammer, and rolled out into two flat 
strips between a pair of rollers (Fig. 117). This facilitates the 
assayer in cutting up his assay pound and weighing it out to a 
nicety. The shears used are shown in Fig. 118. If the gold 
does not contain about 2I times its weight of silver, it is 
necessary to add silver up to this amount. For instance, if a 
bar is supposed to contain 700 parts of gold and 300 parts of 
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silver, it is necessary to weigh out 1,450 parts of chemically 
pure silver, and add this to the assay 
pound. If no copper is present in 
the alloy, a very small piece of copper 
weighing about 30 milligrammes is 
added, to prevent brittleness in the 
alloy in the subsequent lamination ; 
but if copper is in the alloy no addi- 
tion is required. The two metals are 
then wrapped up in a piece of finely 
rolled sheet lead, and placed on a tray 
divided into numbered compartments, 
Fig. 1x7 .— Koi.lisrs. which correspond to the positions of 

cupels in the muffle ; the number of 
the compartment in which each assay is placed being noted 
with a view to its subsequent identification. 

Cupellation. — The assays having been thus prepared 
are now ready for cupellation . A certain number of cupels are 
placed in a muffle and heated there to redness. The assays 
having been placed in the cupels, the opening of the muffle 
should be loosely closed by a piece of hot fire-brick, or by 
pieces of charcoal. After a short interval all the assay pieces 
will be melted, and in each cupel will 
be seen a round mass of molten metal, 
on the surface of which appear bright 

Fig. n8 .— sc.ssors or Shears. P^hes of litharge; these are pro- 
duced by the oxide of lead which is 
constantly forming, and passing off from the centre to they 
edges of the assay, where it meets with and sinks into the 
porous matter of the cupel, leaving always a new surface ex- 
posed to the current of air which is earned through the muffle. 
At the same time there rises and passes through the openings 
of the muffle a white vapour which is caused by the volati- 
lization of a portion of lead. When this vapour is very thin, 
and rises with great rapidity, it is an indication that the heat 
is too great, and part of the draught must be stopped; on the 
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other hand, when it is thick and heavy, and hangs sluggishly 
over and around the cupel, the temperature is too low, and the 
draught must be increased. 

As soon as the greater part of the lead has been thus 
converted into litharge and absorbed, the remaining bead of 
rich alloy suddenly becomes opaque and glowing, and is 
traversed by iridescent bands produced by the extremely thin 
films of fluid litharge resulting from the last traces of lead. 
This is a sign that the process is on the point of completion, 
and means must now be taken to increase the heat of the 
furnace for a short time, so as to insure the expulsion of the 
last remaining portions of lead. But if silver be present in 
the assay, and if it be desired to estimate also the amount of 
that metal, the increase of temperature towards the end of the 
process must be of short duration, otherwise a considerable 
portion of the silver would soon 
volatilize. Immediately after the 
disappearance of these bands the 
globule becomes steady, after which 
the peculiar action known as 
44 brightening ” takes place, when 
the metal is observed to emit a brilliant flash of light, and it 
immediately solidifies. If the cupellation has been well per- 
formed, the gold— or the mixture of the two precious metals — 
is now in a state of almost chemical purity. 

When the cupellation is terminated, the mouth of the 
muffle ought to be closed, and the whole allowed to cool until 
the buttons become solid; or when only a few assays are per- 
formed at a time, the cupels containing the buttons of pure 
metal may be drawn to the front of the muffle, and allowed to 
cool slowly. They are then withdrawn, and placed in numeri- 
cal order on the cupel tray (Fig. 119), which avoids errors* 
being made. Some assayers mark and count the cupels from 
the right, or the reverse, and after some practice mistakes 
never happen. This refrigeration must not be too rapid, other- 
wise there may be sensible loss by “ spitting, sprouting, or 
vegetation,” an effect, however, only produced when a large 



Fig. 1 19.— Cuphl Tray. 
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proportion of silver is present. To insure gradual cooling, it 
is occasionally convenient to invert over the cupel containing 
the bead another heated cupel. Some assayers remove the 
cupels from the furnace while the metal is in a molten state, 
but the practice cannot be recommended, for besides (he 
danger of upsetting a cupel and the “ spitting ** of the assay 
the buttons are found more malleable when cooled gradually. 

The button is detached from the cupel after cooling.by a 
pair of steel forceps, cleaned with a brush formed of stiff 
bristles, and flatted as presently described. If the process has 
been successful the button should be round and bright upon 
its upper surface, but somewhat rough or crystalline on the 
part by which it was attached to the cupel, from which it ought 
to be removed without difficulty. 

The presence of iron, tin, nickel, or zinc, in the alloy 
under assay materially interferes with the success of the opera- 
tion, as these metals will not pass into the cupel by the aid 
even of a large quantity of lead, but from their rapid oxidation 
will either volatilize, or their oxides will accumulate on the 
surface as a sort of slag, in which particles of precious metals 
may be entangled. In this case the assay becomes what is 
technically termed foul , the cupel not being able to absorb 
the metallic oxides as they are formed. To obviate this evil, 
the preliminary process of scorification should be resorted to, 
when the presence in the alloy of any of the above metals is 
known or suspected. A convenient weight of native gold or 
rich alloy to operate upon is 10 to 15 grains. 

The lead employed must be in all cases free from silver, 
being such as has been derived from pure litharge, otherwise it 
would be quite impossible to estimate the true composition of 
the alloy. 

The assay of gold furnishes results which are more accurate 
than those obtained in the cupellation of silver, the loss of 
gold by volatilization being very much smaller, and scarcely 
any of the metal is carried into the cupel by the lead. 


Parting of the Assay. — After the preceding operations, 
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the button of alloy which remains is composed of gold and 
silver — not indeed absolutely pure, for whatever precautions 
may be used it will still retain a small quantity of lead, and 
frequently also traces of copper. For practical purposes, how- 
ever, it may be regarded as a pure alloy of the two precious 
metals, and in this view it now only remains to separate the 
gold from the silver. 

It has been stated that when silver and gold are intimately 
mixed together, as in an alloy, it is necessary that the silver 
should be present in the proportion of at least 2k parts to 
1 part of gold, otherwise its particles will be so enveloped and 
protected by those of gold that the nitric acid will be pre- 
vented from exercising its solvent action upon them. Care 
should always be taken before the introduction of the assay 
piece into the furnace that the requisite proportion of silver is 
present, and if this be the case it will be sufficient at once to 
subject it to the action of the acid. 

But if the silver be present in a less or much greater pro- 
portion, then, as a preliminary step to the operation of parting, 
the alloy must be brought to the proper standard, either by 
the addition of the necessary quantity of pure silver, or by 
adding more gold, as the case may be ; for if the proportion of 
silver exceed 3 parts, the gold will be precipitated by the acid 
as a dark powder, instead of retaining its compact form, and 
thus the accuracy of the estimation of the amount of gold 
present will be impaired. 

It is hardly necessary to add that the amount of silver 
requisite can only be determined when the approximate assay 
is known. This may be determined by a wet analysis, a rough 
assay, or by the touchstone ; or experienced assayers are able 
to determine with sufficient accuracy by observing the colour 
and the facility with which the metal can be cut with shears. 

The button is now flattened by hammering on an anvil, 
three strokes being so given that the first shall extend it to 
about the size of a sixpence, and the other two reduce the 
thickness still further at two opposite edges, in order to 
facilitate its introduction into the laminating mill. These 
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flattened buttons are generally annealed before rolling, and 
by the rolling operation the thickness is reduced to about one- 
eighth of an inch, and when all the laminae have been placed 
in slits on a wrought-iron tray, they are introduced into the 
muffle and annealed. The operation renders them sufficiently 
flexible to allow of their being twisted into a small spiral 

cornet, by rolling befWeen 
the finger and thumb, or 
by means of a pair of round- 
nosed pliers. 

To effect the parting of 
the assay, each assay piece, 
or comet, is boiled sepa- 
rately in strong nitric acid, 
which must be free from 
chlorine, sulphuric acid, or 
sulphurous acid. The nitric 
acid is contained in a small 
glass flask, called a parting 
flask. Fig. 1 20 represents a 
convenient apparatus for 
boiling six cornets sepa- 
rately. The large tube, a, 
is connected with the gas 
supply, and from it rise a 
number of small rose Bun- 
sen burners. On these rest 
the parting flasks, c, into 
each of which is introduced 
from 2 to 3 oz. of nitric acid of i # 26 specific gravity. The 
long tubes, d, dipping into the mouths of the flasks, are intended 
to condense as far as possible the acid vapours, the condensed 
liquid running back into the flasks. In a case where a large 
number are in action at once, they should be connected with 
a flue to carry off these vapours. The acid should continue to 
boil from three to five minutes after the glasses have cleared of 
fumes ; the acid is then poured off, the cornets washed with 



Fig. 120. — Parting Flask. 
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hot distilled water, and again boiled from fifteen to twenty 
minutes in nitric acid of about 1*30 specific gravity. As the 
ebullition is at times very violent, and the cornet, owing to its 
spongy nature, extremely fragile, it is generally recommended 
that a piece of charcoal be introduced into each flask. This, 
however, is objectionable, as it may cause the formation of 
nitrous acid, which by absorption in the acid will even dissolve 
portions of the metal. This source of error is completely 
eliminated by using instead of the charcoal small balls of porous 
earthenware, as recommended by Field. 

The last acid having been poured off, the flask is completely 
filled with distilled water, and a small crucible of smoothly- 
finished porous clay is placed over the mouth of it. The two 
vessels thus adjusted are then inverted, so as to allow the cornet 
to fall gently through the water into the crucible, and by a 
dexterous movement of the hand the flask is withdrawn, in such 
a manner as to prevent the overflow of any liquid from the little 
crucible. The water is now carefully decanted, and as much 
moisture removed as possible; the crucible containing the comet 
is then heated to redness in the muffle. Under this final heating 
it is not fused, but shrinks in bulk, loses its brown appearance, 
and assumes the peculiar colour and lustre of gold ; while at 
the same time it is rendered more compact, less brittle and 
fragile, and when cold can be removed by a pair of forceps to 
the scales, in which it is weighed with the same precision and 
care as the original alloy.* 

Professor Roberts-Austen, F.R.S., in a lecture delivered 
before the Society of Arts on March 31st, 1884, gave the 
following interesting data respecting the parting process : — 

“ This action of nitric acid on an alloy of gold and silver 
was certainly known to Geber and the early alchemists, but the 
first official mention of the use of the parting assay appears to 
be in a decree of Philippe de Valois, in the year 1343, 
confirming its use in the French mint. There is, then, this 
difference between the assay of gold and silver. In the case 

* Materials required for assaying may be obtained of Messrs. John 
Orme and Co., 65, Barbican, London, E.C. 
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of the cupellation assay of silver, the button of metal has only to 
be removed from the cupel, and when the adhering bone-ash 
has been removed by the brush it passes direct to the balance. 

“ After the first stage of the assay of gold on the cupel, 
the object to be attained is mainly to secure a button, a f of 
gold and silver in a convenient form for submitting to the 
subsequent operations. The alloying stage would, however, 
be just as effective if it were conducted in a small non-porous 
receptacle, such as a small crucible of glazed porcelain. 

“ The subsequent operations are, flattening the button, b, 
annealing it, rolling it into a strip, c, and annealing it a second 
time. It is then coiled into a spiral, or comet, d> and treated 
by two successive portions of nitric acid, in order to remove 
the silver; after this the spiral of spongy gold, e , which retains 

3 the original form given to the 

silver alloy, is heated to red- 
a ness, when it becomes bright, 
IM |y and is sometimes so coherent 
IjP W* that it may be unrolled with- 
Q out fracture.” 

The weight of the comet 
q will indicate very nearly the 

Scale about amount of gold in the alloy 

Fig. ^.-Button a™ Cornets. j f the asgay has been properly 

conducted, but not with absolute exactness. Even when 
every precaution has been used, the gold contained in the comet 
is never chemically pure ; it still retains a very small quantity of 
lead and silver, and frequently also traces of copper, in con- 


sequence of which the weight of the cornet may exceed 
by jnAn>th part the true result; and when it is considered that 
in assaying alloys the quantity taken is often not more than 
7 or 8 grains, it will be seen that even this small error might 
lead to serious disappointment in estimating the proportion of 
gold in large masses of bullion. To ascertain the amount of 
the error, and thus arrive at a perfectly correct estimate, it is 


usual to assay, simultaneously with the alloys, a number (gene- 
rally three) of what are termed proofs, consisting of weighed 
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portions of perfectly pure gold, approximately equal in amount 
to that present in the assay pieces. The cornets obtained from 
these proof assays are weighed, and the excess or deficiency in 
weight over that of the gold which was introduced indicates the 
amount of correction which it becomes necessary to apply to 
the other assays. This correction is liable to vary, according 
to the temperature of the furnace and other causes ; but it 
usually ranges from 0*2 to 0*5 in 1,000. It may be observed 
that it is not essential to employ absolutely pure gold, provided 
the difference from purity be known. Thus the corrections to 
be applied to a gold assay will usually be one-half of a thousand. 

The actual amount of metal retained — called surcharge — is 
greatly influenced by the amount of copper present in the alloy 
under examination, and varies considerably with the heat of 
the furnace and other circumstances. In an alloy rich in gold, 
which requires therefore only a small quantity of lead, the 
surcharge is slight ; when, however, a large quantity of copper 
is present the surcharge becomes negative, in consequence of 
the absorption of gold by the cupel ; and for alloys containing 
68 or 70 per cent, of gold the surcharge is zero. Rossler has 
shown that the gold lost in the cupellation process increases 
with the amount of lead used, and decreases as the silver pre- 
sent is increased ; and these conclusions are confirmed by the 
results of experiments recently made in the Royal Mint. He 
also considers that the gold lost is generally greater in amount 
than the silver retained by the cornet. 

Professor Roberts-Austen gives the following formula for 
the corrections to be applied to a gold assay when checked by 
means of a proof or check : — Let 1,000 be the weight of alloy 
originally taken ; p, the weight of the piece of gold finally 
obtained ; x, the actual amount of gold in the alloy expressed 
in thousandths ; a , the weight of gold supposed to be abso- 
lutely pure taken as a check, which approximately equals x ; 
b, loss or gain in weight experienced by a , during the process of 
assay; k variation of “ check gold” from absolute purity, 
expressed in thousandths. Then the actual amount of fine gold 

in the check-piece = a (i — ), and the corrected weight 

1,000 
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will be x = p — — ~ - ± 6, the 6 being added or subtracted 
1,000 

according as it is a loss or gain. 

If (a) be assumed to be equal to (x) this equation becomes. 


1,000 

Parting Assays. — It is frequently necessary to determine 
not only the amount of gold or silver contained in a given 
alloy, but also the amount of each of these precious metals 
present in the same sample. The assays made with a view to 
obtain this information are termed u parting assays.” 

Gold and Silver . — If the quantity of silver in the alloy sub- 
mitted to the operation of parting be more than three times 
that of gold, the separation may still be effected by nitric acid, 
but the gold will be left in a state of powder. It may, how- 
ever, be washed, ignited, and weighed. Should the amount of 
silver be small compared with the gold, and the assayer wishes 
to avoid the trouble of inquartation, that is, the adding of the 
requisite proportion of silver, the alloy may at once be sub- 
jected to the action of aqua regia, when the gold will be dis- 
solved, and the silver thrown down as an insoluble chloride. 
The clear solution containing the gold is then decanted, and 
when the excess of acid has been expelled by evaporation, the 
gold can be precipitated by sulphate of iron. 

The determination of the amount of silver contained in gold 
by the dry method of assay is a somewhat complex operation. 
One or two gold assays in the ordinary way are made, and at 
the same time two more assay pieces are passed through the 
furnace, but without the addition of silver. By this means all 
the oxidizable metals are in both cases removed, and the dif- 
ference in weight between one of the cornets resulting from the 
ordinary assay, and the button of mixed gold and silver as 
drawn direct from the furnace, must be due to silver originally 
present in the alloy. 

The silver contained in the solution of its nitrate resulting 
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from the common process of parting, may readily be recovered by 
adding an excess of chloride of sodium, which will throw 1 down 
the whole of the silver as white insoluble chloride. This 
precipitate, which speedily becomes slate coloured on exposure 
to light, is collected and put into a vessel containing water 
acidulated with hydrochloric acid, some zinc or iron is intro- 
duced, and the silver is rapidly restored to its metallic state, in 
the form of a dark grey powder. 

The supernatant liquid having been decanted, this fine 
metal is washed with dilute hydrochloric or sulphuric acid, in 
order to remove traces of iron or zinc ; but as the removal of 
the former of these metals may be effected more perfectly, it is 
now always used in preference to the latter ; after washing with 
water, and drying, the silver is fused in a crucible with the 
addition of a little carbonate of soda or nitre, and cast into bars. 

Gold and Copper . — The alloys of gold and copper are 
cupelled like the alloys of gold and silver ; but as copper has a 
very great affinity for gold it is necessary to use a larger pro- 
portion of lead to insure its oxidation when combined with 
gold than when united with silver. This proportion varies 
according to the standard and the temperature. It is admitted 
that for the same standard there must, under similar circum- 
stances, be twice as much lead used in the cupellation of gold as 
in that of silver. Thus 14 parts, at least, ought to be employed 
in common furnaces for an assay of gold coin which contains 
o-ioo of copper. There is no inconvenience in employing a 
little more, as it does not increase the loss of gold. However 
great the proportion of lead may be that is added to the cupreous 
gold for the purpose of cupellation, the button always retains a 
very small quantity of copper, of which a fresh cupellation 
does not free the gold, and which occasions what is termed the 
surcharge. This surcharge being very slight it can be neglected 
in assays of minerals, but it is necessary to take notice of it in 
the assays of alloys. But it is known that the presence of silver 
much facilitates the separation of copper from gold, and it is 
rare that an alloy of cupreous gold does not contain a little 
silver, which must be separated ; and when this is not the case a 



286 THE MELTING AND ASSAYING OF GOLD. 

small quantity of that metal can be introduced into the alloy, so 
as to be in about the proportion of 2 % parts to i of gold. When 
an assay is to be made of an alloy of gold and copper, a suffi- 
cient quantity of silver should be added to fulfil the condition 
according to the presumed standard, which is approximately 
determined by a preliminary assay and then cupelled with lead. 

Table for Proportion of Lead to be employed in the 

CUPELLATION OF GOLD AND COPPER. 


Gold in Alloy. 


Lead required. 

1000 thousandths 


I part. 

900 • 


. 10 parts. 

800 „ 


16 

700 . 


22 

600 ,, 


24 

500 ,, . 


26 

400, 300, 200, 100, 50 thousandths 

• 34 


Gold containing Oxidizable Metals. — Where gold con- 
tains platinum with copper, or other oxidizable metals, the latter 
will be removed with difficulty by cupellation, and silver must 
be added. Double the weight of the assay pound in silver 
must be taken, and the cupellation must be conducted at a 
high heat on the addition of the proper quantity of lead. 

Mr. Chaudet, who has made experimental researches on 
the alloys of gold, silver, copper, and platinum, states that 
the copper can be more completely separated, and less silver 
lost, by cupelling at a high temperature, with the least possible 
quantity of lead, than by employing more lead and working at 
a lower temperature. He states that it is almost impossible to 
separate all the copper, and no advantage can be obtained by 
increasing the quantity of lead. When almost the last traces 
of the copper are separated the button must be cupelled afresh 
with a small quantity of lead ; but a small quantity of silver is 
nearly always lost. In all cases, in order that no lead shall 
remain, it is necessary to leave the assay button some few 
minutes in the muffle, after the cupellation is finished. 

The alloys of gold and silver containing platinum exhibit 
certain characteristics during cupellation, or parting, which 
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indicate the presence of this metal. If there is only two per 
cent, of platinum in the alloy, the button remains flat on the 
cupel, and if this button is dissolved in nitric acid, the solution 
is coloured straw yellow. The peculiar iridescence of the button 
at the termination of the assay is not as bright and lively, and 
is much longer, than when no platinum is present ; and on 
solidifying the button remains dull and tarnished, and does not 
exhibit a bright lustre with a parti/ crystalline structure. 
When the alloy contains more than a hundred parts of platinum 
to nine hundred of gold, the comet after annealing is of a pale 
yellow colour, tarnish silver grey. 

The following method serves for detecting platinum in 
admixture with gold, and other heavy matters obtained by 
washing auriferous gravels, or in prospecting : If gold is 
present, collect it with mercury ; take the residue and boil it 
in aqua regia, evaporate to dryness, add some dilute hydro- 
chloric acid, boil and filter; to the filtered solution add a 
strong solution of sal-ammoniac. If a bright yellow, or reddish 
yellow, granular precipitate falls, platinum is present in the 
sand. 

Auriferous bisftmth and lead are either directly cupelled, or, 
with a very small percentage of gold, first scorified and several 
buttons concentrated to one. 

Auriferous tin is oxidized in the muffle, and scorified with 
the addition of granulated lead and borax, and then cupelled. 

Auriferous iron , steel, or pig iron is oxidized with nitric 
acid, the resulting fluid evaporated to dryness, and the dry 
mass well scorified with eight to twelve parts of lead, two 
to three parts of borax, and one part of glass. 

Auriferous mercury is scorified sometimes after previous 
distillation with a very gradually increasing temperature, and 
with eight parts of lead. 

Gold containing rhodium is fused with three to four parts 
of silver parted as usual with nitric acid, and the well-washed 
and dried gold fused at a red heat in a platinum capsule 
with bisulphate of potassa or soda, whereby the rhodium, 
together with the remnant of silver, is dissolved, with brisk 



288 THE MELTING AND ASSAYING OF GOLD. 


evolution of sulphurous acid, and the formation of a brownish 
red to black salt. The fluid mass of salts is poured off from 
the gold, and the fusion with bisulphate of soda again repeated* 
whereupon the fluid salt appears but slightly coloured. After 
this is again poured off, the gold is boiled a few times with 
distilled water, dried, and ignited. In order to 
be certain of the complete removal #f the 
rhodium, the gold is again mixed with three 
parts of silver, and the above process repeated. 
A trace of rhodium imparts to the bisulphate 
of soda a yellowish colour, and when this hap- 

Fig. i22.— Mortar. P ens the g lobule of g old suffers a loss of 
weight compared with the previous weighing. 

Gold containing iridium is dissolved in aqua regia, whereby 
the iridium remains behind as a black powder. This is well 
washed, and the gold precipitated from the diluted solution 
with protosulphate of iron. 

Gold containing palladium is alloyed with three parts 
of silver, and treated like an ordinary gold assay, when the 
palladium as well as the silver goes into solution. After the 
latter has been removed from the diluted solution by chloride 
of sodium, the former may be precipitated by metallic zinc. 

The Assaying of Gold Quartz. — First of all the quartz 
is finely pulverised by triturating it in 
an iron mortar, shown in Fig. 122. 
This operation is much facilitated by 
heating the quartz to redness, and 
then plunging it in cold water. Hav- 
ing pulverised a few thousand grains, 
it is usual to make at least two assays 
of the sample to test the correctness 
of the result. For each of these 
weigh 500 or 1,000 grains on the 
pulp scales, Fig. J23, according to the 
richness of the ore, and well mix on 
a clean piece of paper with four times the weight of litharge 
or red lead, and double the weight of carbonate of soda, 
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Clay 

Crucible. 


and quarter the weight of powdered charcoal. The precise 
quantities are not very important, but it is better that the car- 
bonate of soda should be in excess than that it should fall 

short of the proportion given. The following is a 

very good mixture : — 480 grains of the gold quartz, 

1,500 grains of litharge, 1,000 grains of carbonate 
of soda, and 100 grains of powdered charcoal. The 
mixture is then introduced into an assay clay pot 
(Fig. 124) and covered with fused and finely pulver- 
ised borax, and fixed on a piece of fire-brick in the 
melting furnace. 

The mixture above mentioned, when introduced 
into the crucible, should not fill more than two-thirds 
of its capacity. This precaution is necessary on account of the 
effervescence which takes place, in consequence of the displace- 
ment of the carbonic acid from the carbonate of soda by the 
silica, and the combination of the carbon with the oxygen of the 
litharge. The heat is continued till perfect fusion is effected, and 
towards the last the temperature is raised to bright redness, 
until no further effervescence occurs, 
and a clear liquid homogeneous slag 
is obtained. The crucible must then 
be immediately removed from the 
fire (otherwise the unreduced litharge 
would be liable to cut through the 
pot), and as dexterously and rapidly 
as possible the contents of the pot 
should be poured into the mould 
shown in Fig. 125. The mould has the shape of a cone, and on 
cooling it is turned over, when the slag will be found solidified 
in the upper portions and the lead button in the bottom. By 
hammering the mass on a clean anvil the slag will readily detach 
itself from the lead button, which is now ready for cupellation. 

The proportion of oxide of lead to be used in the fusion 
will vary with the amount of oxidizable substances present ; 
but this compound should in all cases be added in excess, 
since, if the slag retains any traces of an alkaline sulphide, it 



Fig. 125. — Mould. 



290 THE MELTING AND ASSAYING OF GOLD. 


will retain a part of the gold. Phillips states that, for the 
assay of iron pyrites, about 30 parts of oxide of lead are 
necessary, whilst for mispickel, zinc blende, copper pyrites, 
grey cobalt, and sulphide of antimony, from 15 to 25 times 
their weight only may be employed. 

When auriferous pyrites is the subject of examination, it 
must first be reduced to fine powder, arid then 
roasted in a shallow dish of refractory clay, heated 
to low redness in a large muffle, until the odour of 
Fig. 126. burning sulphur ceases to be evolved. 
d°ishbs! g As sulphur bums away, the temperature is 
gradually raised to bright redness. The pyrites 
is thus converted into oxide of iron. Of this product 1,000 
grains or more may be taken and mixed with 500 of dry car- 
bonate of soda, 300 to 500 of litharge or red lead, and 5 per 
cent, of charcoal, or a corresponding quantity of granulated 
metallic lead without charcoal, and lastly about 500 of fused 
borax. This mixture is melted as before, and the fuel is either 
charcoal, anthracite, or coke. 

The principal objection to this method of assay is the large 
amount of lead which is left for cupellation, since pure iron 
pyrites requires, when thus treated, 8£ parts of lead, and sul- 
phate of antimony and grey copper ore yield 6 to 7 parts. 
This inconvenience, as well as the trouble of roasting, may be 
avoided by the cautious and gradualaddition of nitrate of potassa, 
which effects the partial oxidation of the mineral, and enables 
the skilful assayer to procure a metallic button of almost any 
required weight. The nitre, however, if employed in excess, 
would determine the oxidation of all the metallic and combus- 
tible substances contained in the mineral, except the gold, 
which is never present in sufficient quantity to form a button. 
The exact amount of nitre to be added must depend on the 
nature and richness of the ore. As a general rule, 2\ parts of 
nitre are sufficient to completely oxidize 1 part of iron pyrites ; 
and 1 i and frds their weight respectively, in the case of sul- 
phide of antimony and galena, are sufficient to produce the same 
effect on these ores. 
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Alloys of gold containing tin and zinc must also be fused 
before cupellation with nitrate of potassa, so as to oxidize these 
metals ; and by adding about 16 parts of lead when the mixture 
is quite melted, they are separated in the state of slag or scoria, 
leaving, as before, a button of lead containing the whole of the 
gold, which is now ready for cupellation. 

Assaying by Scorification. — Scorification — or, in other 
words, the conversion of the silica and other impurities into a 
scoria — is simply another method of fusion, in which, however, 
metallic lead, instead of its oxides, is employed ; and the oxi- 
dation of the various substances to be removed is produced 
by the aid of atmospheric air, whilst the litharge necessary for 
the fusion of the earthy and siliceous matters is formed by the 
oxidation of a portion of the metallic lead. For this operation, 
instead of a crucible, a shallow cup-like vessel, termed a scori- 
fier, is employed. 

The ScorifLer. — This vessel is made of refractory clay, and 
made as compact in structure as possible, in order to resist the 
corrosive action of melted litharge. The scorifier with its con- 
tents is heated in the muffle of an ordinary assay furnace, and 
as many assays may be introduced at one time as there is room 
for in the muffle. 

Fig. 127 represents, in front elevation and vertical sec- 
tion, the form of furnace at present employed in the Royal 
Mint, which was arranged by Field, the late assay master, and 
which is convenient both for this purpose and for the subse- 
quent operation ; the muffle used in it is shown at m. This last 
is an arched oven of fire-clay, the mouth of which is slightly 
contracted, and it is closed at the back ; the closed (extremity 
being pierced with a number of cylindrical holes, in order to 
insure a free circulation of air through the interior. It is 
advisable that these holes slope outwards, as shown in the 
figure, in order to prevent any fuel from falling into the muffle. 
The top is roughed in order that it may be strengthened by a 
coating of fire lute. It rests on a plate of fire-clay, beneath 




Fig. 127.— Muffle Furnace. 


into the ash-pit ; and the two, e and f, to charge the muffle 
and furnace respectively with cupels and fuel. By means of 
these perfect control is obtained over the fire, and any required 
course can be given with facility to the in-going current. 

The Battersea muffle furnace (illustrated in Fig. 128) is a 
portable furnace very” suitable for laboratory work. It is built 
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up in sections which are easily packed for transportation. In 
the illustration a is the socket on which to fix iron chimney ; 
3 , the door for fuel; c, the muffle; d, the door for muffle; 
e, the muffle arch ; /, the door for stirring fire ; g, the door for 
regulating draft ; h, the support for muffle, and i the iron grate. 

Process of Scorification. — Before introducing the ore 
into the scorifier it is reduced to powder, and a determined 
weight, about 50 grains, is intimately mixed with from three to 



Fig, 128.— Batterska Muffle Furnace. 


five times its weight of granulated lead (the larger quantity 
being required for poor ores), and one-tenth its weight of 
borax; this, having been placed in the scorifier (Fig. 129), is 
covered with from 150 to 200 grains of granulated lead, care 
being taken that the lead employed contains no silver. The 
scorifiers charged with this mixture are then placed in the 
muffle, and the door at the mouth being closed, they are 
strongly heated for a quarter of an hour. Fig. 130 shows the 
scorifying tongs, with which the scorifiers are easily handled. 
By this time the lead will be completely melted, and the 
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mouth of the muffle is again opened. Scorification is now 
effected by the action of the current of heated air passing 
through the muffle; in other words, the lead is oxidized, and 
the foreign metals present — whether in combination with sul- 
phur or oxygen — are attacked and dissolved in proportion as 
this oxide is formed. At first the slag is frequently solid, but 
it gradually becomes soft, and more and more liquid m pro- 
portion as the quantity of the oxide of lead increases. 

It is frequently desirable, when the surface has become 
covered with litharge, to introduce 1 5 grains of anthracite or 
charcoal, as by this means a portion of the lead is reduced to 
the metallic state, and by sinking through the mass of slag 
takes up any particle of precious metal which may be present 
Towards the conclusion of the operation the muffle is for a 
short time strongly heated, so as to render the slag or scoriae 
completely liquid. When a small iron rod, heated to redness 



Fig. 129. Fig. 130.— Scorifying Tongs. 

Scorifier. 


and placed in the mixture, is found on being withdrawn to be 
covered with a slight film of scoria, which runs off clean, the 
scorification is known to be sufficiently advanced. The sco- 
rifiers are successively withdrawn from the muffle by means of 
tongs, and the contents are rapidly poured into circular ingot 
moulds of the form represented in Fig. 125. When cold the 
adherent litharge is detached from the button of lead by a few 
blows with a hammer. This button contains all the gold and 
silver which may have been present in the ore, and these 
are separated from the lead by cupellation. 

When the material to be scorified is highly carbonaceous, 
such as the “ sweep ” or refuse constantly accumulating in the 
Mint, it is advisable to calcine it previous to the addition of the 
lead. 

If the ore be poor in quality, the whole of the precious 
metals contained in a large quantity may be concentrated in one 
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small button of lead by repeating the process on successive por- 
tions of ore mixed with the requisite amount of lead, and 
introducing into each assay the button previously obtained. A 
final button containing all the precious metals from the several 
quantities of ore will thus be procured. The process may be 
repeated a third, fourth, or any number of times, till the button 
of lead thus obtained becomes as rich in the precious metals as 
may be required. It is neces- 
sary, however, that a certain 
amount of lead be present, 
with a view to the next pro- 
cess, that of cupellation. In 
many cases as much as ten 
times the weight of the ore 
is employed, but the button 



may be reduced in size by a 
single operation to one-sixth 
or even one-eighth of the 
original lead. Indeed, it is 
the chief recommendation of 
this process, as compared 
with the method by fusion 
with litharge, that however 
small may be the proportion 
of lead, the slag produced 
never contains any oxysul- 
phides at the close of the 
operation, and therefore sel- 
dom retains the slightest trace 
of either gold or silver. The 



Fig. 131A. Fjg. 

Cupel Moulds. 


process of scorification has therefore been justly characterised 
as one of the most exact methods that can be employed, being 


simple and effective, and applicable, without exception, to the 


assay of all kinds of auriferous and argentiferous ores. 


Cupels and Cupellation. — Cupels for assaying are made 
by pressing moistened bone-earth into a mould of cast iron or 
gun metal, which varies in construction. Two forms at present in 
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use in the Royal Mint are shown in Figs. 131, a and b, one-half 
their natural size. In the first of these, after the space in the 
piece of metal, a, has been rather more than filled with bone- 
ash, the guide, b, is placed over it. The plunger, c, having 
been introduced into this guide, the whole is placed under a 
common lever in the press, by which means the bone-ash is 
compressed into the form shown in the figure. Formerly the 
plunger was struck several times with a hammer in order to give 
the required compression. It is desirable to give a slight twist- 
ing motion to the plunger on removing it. 

The second form of mould, shown in Fig. rjr b, has been 
introduced in order to lessen the labour of the furnace manipu- 
lation. It will be seen that each cupel is square, and is pro- 
vided with four depressions. Each of these, however, is rather 
smaller than the one already described, the amount of metal 
operated upon in the two cases being about 7’ 5 to r6 grains 
respectively. The square cylindrical piece, b, being placed on 
the plate, a, is filled with bone-ash, and with the plunger, c, is 
introduced as before into the press, the cupel when formed 
being five-eighths of an inch deep, square, and slightly tapered 
at the bottom. The cupels, when formed, should be kept in a 
dry place for several months, as it is found, when any method 
of hastily drying them is adopted, that they almost invariably 
crack when introduced into the muffle and cause the assay to 
spurt. 

Cupellation is performed in a muffle furnace, as described 
above. At the time of lighting the furnace the requisite cupels 
are successively introduced into the muffle by light tongs, the 
floor of the muffle being covered with a thin 
layer of bone-ash before the introduction of the 
cupels. The temperature of the muffle having 
been raised to an orange red heat, the assay 
pieces— either in the form of buttons mixed 
with lead, as obtained by scorification, or as 
samples of alloy wrapped in lead foil, as already 
described — are successively introduced into 
the cupels, care being taken that they are so arranged as to 


mm 

mm 

Fig. 132. 
Cupels. 
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avoid possibility of confusion on their subsequent removal. 
It is advisable that while the muffle is being thus charged the 
door should be partially closed by means of a hot fire-brick, in 
order to check as much as possible the chilling of the cupels 
which are near to it. The requisite amount of lead may all be 
introduced as a wrapper of the assay piece. Of course when 
the alloy for assay consists of a button obtained by a previous 
process of fusion or scorification, this addition of lead is un- 
necessary, as a sufficient amount is already contained in the 
button. 

By the previous process of fusion with litharge — or that of 
scorification, if deemed preferable — the earthy impurities will 
have been removed in the form of slag or scoria, and nothing now 
remains but the gold, or a mixture of gold and silver, in com- 
bination with the lead and any other metals that may be present. 
The process of cupellation, as already stated, consists in the 
oxidation of the lead and other oxidizable metals, and their 
absorption by the cupel. It is, in fact, a condition essential to 
the success of the assaying process that the whole of the oxides 
should be absorbed by the cupel, and thus removed. But this 
power of absorption varies according to its texture and the care 
with which the material has been prepared. On an average it 
may be calculated that it will absorb about its own weight of 
fused litharge. This, though not strictly correct, will help the 
experimenter as regards the amount of lead which ought to be 
mixed with the assay. It is evident, on the one hand, that this 
must not exceed the absorptive power of the cupel ; on the 
other hand, the actual amount within this limit must depend on 
the nature of the alloy upon which the cupellation is to be 
performed. 

Weighing the Button of Precious Metal. — The silver 
button obtained by cupellation of the lead button in an ore 
assay, if 230 grains of pulp are taken as the assay weight, is 
freed from the adhering bone-ash by hammering edgeways, 
and is then weighed. The weight, multiplied by ri6, gives 
the amount of ounces per ton of ore of 2,000 lbs., which is 
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illustrated by the following example. For instance, a button is 
found to weigh — 

300 parts 
50 » 

6 „ 

356 X 1*16 = 412*9 ounces per ton of ore. » 

After weighing, the silver button is introduced into a glass tube, 
adding about half an ounce of pure nitric acid, and heated by 
the alcohol flame. It soon begins to boil, emits reddish-brown 
vapours, and leaves the gold, if any in the assay, in undissolved 
particles of a black colour in the tube. The nitric acid con- 
taining the dissolved silver is poured off slowly, and the tube 
filled with distilled water. When all the particles of gold have 
settled, this water must be poured off carefully and the tube 
filled once more with water to the brim. 

The tube is then covered with the dry cup and quickly 
turned over. The gold falls to the bottom of the cup, but 
being very light and sometimes in minute particles, the tube 
must be kept for awhile in this position until no suspended 
particles are visible. It requires some practice to lift the tube 
without spilling any water, which would invariably carry out 
some gold. The easiest and surest way is to gradually lift 
up the tube till the water, the brim of the tube, and the dry cup 
are level. A slide of the tube, with a dexterous upward move- 
ment, leaves the gold in the cup undisturbed. A slight tapping 
of the cup will bring the gold particles together ; the water is 
then poured off, and the cup dried over the alcohol flame till 
the gold assumes a yellow colour. The gold is now carefully 
weighed and calculated upon as follows :• — 

The gold is found to weigh, for instance, fb, and the silver 
button, before dissolving, If the gold is subtracted from 

the silver which contained this gold, we thus find the pure 
silver — 

356 — 35 = 321 silver X ri6 = 372*3 ounces per ton. 
and 35 gold X 1*16 — 40*6 „ „ 
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To find the value, the ounces of gold must be multiplied by 
20*67, anc * those of silver by the market value per ounce. 
Therefore 


Silver = 372*3 ounces X $1 = 372*30 

Gold = 40*6 „ x $20*67 = 839*20 

Total value $1211*50 per ton. 

In assaying gold ores the button will not dissolve in nitric 
acid. In this case it must be melted after weighing on a cupel 
with the addition of three times its weight of pure silver, with 
a little lead foil, and then dissolved and treated as above 
described. 

In case the ore for the assay has been weighed out by half 
an ounce — equal to 240 grains — the calculation is made in the 
same way as before, with the exception that the number 1.2 15 
must be substituted for 1*16. The procedure of the preceding 
example would be as follows : — 

The weight of the button was 321. This multiplied by 
1*215 will give the amount of ounces per ton of ore of 2,000 lbs. 

32 (321) x 1*215 = 390. 

The quantity of fluxes used fpr 250 grains of ore will also 
serve for half-ounce assays, which can be as follows : — 

Ores or Tailings containing but little Sulphurets. 

Ore 250 grains. 

Glass 125 ,, 

Flour 8 ,, 

Litharge i£ ounces. 

Soda 1 ounce. 


Ores containing about 50 per cent, of Sulphurets. 


Ore 

Glass 

Iron 

Litharge 

Soda 


250 grains. 

125 » 

50 » 

i£ ounces 
1 ounce. 
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Concentrated Pyrites, not roasted. 


Ore 

. 250 grains. 

Litharge 

. 2 \ ounces. 

Soda 

• 35° grains. 

Borax 

• 240 

Powdered nitrate of potash 

. 400 „ 

Salt 

.250 


The salt is placed on top as a covering, and the assay is 
gradually heated. If iron matte is formed, the assay must be 
repeated, and the proportion of nitre increased. 



CHAPTER X. 

CHEMICAL EXAMINATION OF GOLD ORES. 

Tests for Presence of Gold — Reagents employed — Preparation for 
Testing — Action of Sulphate of Iron ; of Protochloride of Tin ; of 
Oxalic Acid — Tests for Metals associated with Gold : Copper ; Silver ; 
Platinum— Application of Reagents— Quantitative Determination of 
Gold by the Wet Process — Quantitative Estimation by Specific 
Gravity. 

Tests for Presence of Gold. — A rude method of ascer- 
taining the presence of gold in crushed quartz, or earthy ore, is 
by washing it in a hand-basin or horn spoon ; but gold is often 
present in the matrix in grains or particles so minute that it 
cannot be detected by the eye, and sometimes it is quite dis- 
guised by admixture with other metals or minerals. 

In these cases it is necessary*to resort to chemical exami- 
nation. In commencing mining operations the first point to 
determine is, of course, whether gold exists in any appreciable 
quantity ; and if this be decided affirmatively, the next point is 
to determine the proportion or quantity of gold contained. 
The first process is termed testing for gold, or the qualitative 
examination of a suspected mineral ; the second is the quanti- 
tative examination, or assaying process, which has just been 
described. 

Sulphate of iron, protochloride of tin, and oxalic acid are 
the tests or reagents pre-eminently employed in seeking to 
determine the presence of gold. 

Preparations for Testing.— Before applying these tests, 
the substance supposed to contain gold must be brought into a 
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state of solution ; and this can only be done by means of 
nitric or hydrochloric acid, as already mentioned. If the sub- 
stance consists of earthy and quartzose matter, this must be 
reduced to powder by trituration in a mortar before it is sub- 
jected to the action of the solvent ; but if the matter under 
examination be simply a metallic alloy, it can be dissolved 
without any previous preparation, and an excess of acid should 
be avoided. When the solution is effected the liquid should 
be evaporated to about one-eighth of its original bulk, and then 
diluted with 3 or 4 ozs. of water. The action of the reagents 
is as follows : — 

(1.) Sulphate of Iron or Green Vitriol. — If a few 
crystals of this salt be dissolved in distilled water, and dropped 
into the suspected solution, the result is the precipitation of the 
gold, if any be present, in the form of a dark brown powder, 
which is metallic gold in a very fine state of division, as already 
described in connection with assaying of gold. The deposit 
formed when the sulphate of iron is added may be corrobora- 
tively proved to be gold by its being insoluble in nitric acid, 
but readily soluble in aqua regia. 

(2.) Protochloride of Tin. — If to another portion of the 
nitric hydrochloric solution be added a small quantity of a 
solution of protochloride of tin (commonly known as salts of 
tin), there will be immediately produced, if any gold is present, 
a dark brownish-purple precipitate, known as purple of cassius. 
This substance is used in enamel and porcelain painting, and 
for giving to glass a tinge of a fine red colour. Its colour, though 
not a brilliant purple, but rather a reddish-brown, is character- 
istic, and after being once seen is not likely to be mistaken. 
Its appearance, when the chloride of tin is added to the liquid, 
affords an infallible proof of the presence of gold, for a very 
minute portion of that metal gives a manifest reaction when 
this test is employed. 

When the first test (sulphate of iron) has been applied, and 
its evidence attested by the solution of the precipitated gold 
powder in aqua regia, the protochloride of tin may be employed 
to produce the purple of cassius in this solution also. 
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(3.) Oxalic Acid. — This substance, either in crystals or 
.dissolved in water, causes, when added to the solution of gold, 
the precipitation of any of that metal in a form which varies 
with the temperature and strength of the solution. 

The action takes places very slowly in the cold, but on 
applying heat there is immediately a copious evolution of car- 
bonic acid gas, while hydrochloric acid is also formed during 
the process. 

A crystal of oxalic acid, wetted with a solution of gold, 
becomes soon covered with a thin film of the metal. There 
are also other reagents which act on gold. 

Tests for Metals usually associated with Gold. — 
In examining an ore or alloy supposed to contain gold, it 
is often an object of great importance to determine the nature 
of the metals with which the gold is associated. These may be 
of high value on their own account, and, according to the 
quantities in which they are present, may greatly affect the value 
of the ore or mineral in question. To enter fully into this 
subject in connection with the rarer metals that are found 
associated with gold would be of little practical use. Attention 
should, however, be especially directed to the metals of 
common occurrence — namely, copper, silver, and platinum. 

(1.) Copper. — It has been shown that copper is almost 
always associated with gold, even in quartz, and that copper 
pyrites is one of the substances frequently mistaken for gold. 
When dissolved in acids, however, it gives characteristic re- 
actions which render its presence easily distinguishable. One 
of the readiest tests is to introduce into the solution a piece of 
clean iron, when, if copper be present, it will be deposited on 
the iron in the metallic state, an effect which is due to a simple 
exchange of place between the metals, the iron passing into 
solution while the copper exhibits itself in the solid form. 

Again, when ammonia is added in excess to a solution in 
which copper exists, it communicates to the liquid a rich deep 
blue colour. Ferrocyanide of potassium produces with copper 
a brownish red precipitate, even when the metal is present in 
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very small quantity. Carbonate of soda precipitates copper 
from its hot solutions in the form of an apple-green compound, 
which is a carbonate of copper known, when artificially formed, 
as verditer , and when it occurs native, as malachite. Copper 
ore in the latter form exists abundantly in Australia-*not, 
indeed, mixed with the gold, but constituting valuable mines, 
from which the ore is sent over to this country to be smelted in 
South Wales. 

If a platinum wire be dipped in a copper salt solution con- 
taining free hydrochloric acid, and then held in the flame of a 
Bunsen burner, the flame will show an emerald green tint. 
This test is applicable to the detection of exceedingly minute 
quantities. 

(2.) Silver. — It has been shown that gold is invariably 
alloyed with this metal, sometimes to a very large amount. In 
its separate state it is readily distinguished, not only by its 
white colour, but also by its specific gravity, which is only 10*4, 
or about one-half that of gold. It may be easily recognised by 
its chemical behaviour with reagents, in which respect it differs 
from gold by its solubility in nitric acid at all temperatures, and 
in hot sulphuric acid. On the contrary, with hydrochloric acid 
it forms a white curdy precipitate, which is the chloride of 
silver. If the nitric acid employed to dissolve it contains the 
least hydrochloric acid, the solution will become turbid by the 
formation of the chloride. Hence, when a mineral containing 
gold and silver is submitted to the action of aqua regia, the 
appearance of this white precipitate will immediately indicate 
the presence of the latter metal. The chloride of silver is 
soluble in ammonia, and may thus be distinguished from many 
other white precipitates ; or it may be further tested by putting 
the precipitate into a crucible with carbonate of soda, and 
exposing the mixture to a strong red heat, when a button of 
pure silver will be obtained. By careful manipulation the 
amount of silver present may, in this manner, be accurately 
determined. If the mineral containing the silver be dissolved 
in oil of vitriol, the metal is readily detected by inserting a few 
fragments of copper, which will cause the precipitation of the 
silver in a pulverulent state. 
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(8.) Platinum. — This is another metal frequently associ- 
ated with gold, and as it is one of the noble metals, and ranks 
in price between silver and gold, an ore which contains it in 
any quantity is of considerable value. The specific .gravity of 
platinum is about 21*50 — higher, therefore, than that of gold ; 
indeed platinum, osmium, and iridium are the heaviest pf all 
known metals, all three possessing about the same specific 
gravity; possibly osmium is slightly heavier than the other 
two. Platinum is of a light, steel-grey colour, less ductile 
than gold or silver, but more tenacious ; indeed it will support 
greater weights on equal thicknesses of wire than any metal 
excepting iron and copper. It is distinguished from gold not 
only by its colour, but also by its extreme difficulty of fusion ; 
it does not melt by itself in the highest heat of a furnace, but 
softens sufficiently to admit of forging and welding, and in the 
arc of flame of the voltaic current, or before the oxyhydrogen 
blowpipe, it admits of being fused even in considerable masses. 
On the other hand, it resembles gold not only in its high 
specific gravity, as already stated, but also in the fact that it 
resists the action of the simple acids, and is soluble only in 
aqua regia. This circumstance, together with its great infusi- 
bility, renders it of important use in many of the arts, and 
indispensable for various purposes in the laboratory. It is 
the metal universally employed for apparatus which require 
to be exposed to high temperature and powerful chemical 

( agencies, without undergoing any change. It is, therefore, 
very important that miners in the gold fields should look care- 
fully for this metal, which, being destitute of any glittering 
appearance, is likely to escape the notice of an ordinary 
observer. 

There are, however, certain chemical reactions by which 
platinum may be readily distinguished and separated from 
gold in a solution. Sulphate of iron and oxalic acid, which 
precipitate gold, do not precipitate platinum. When the latter 
is dissolved in aqua regia, and the acid neutralised by car- 
bonate of soda, the metal is deposited as a black powder, if 
the mixture be boiled with tartaric acid and soda. Further, 

x 
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the addition of chloride of ammonium and alcohol to a strong I i 
solution of platinum causes the deposition of a yellow crystal- f 
line precipitate, which is characteristic of this metal. 

Application of the Reagents. — Having thus described ) 
the properties and characteristic reactions of the different i 
metals which it is desirable to look for as being frequently 
associated with gold, let it now be assumed that the substance 
to be examined is a piece of auriferous quartz. This must be j 
first reduced to powder, and then boiled for some time in an J 
earthenware or glass dish with aqua regia. The solution is j 
then diluted with water, passed through a filter, and allowed 1 
to cool. If any silver be present it will remain in the filter as 
a white precipitate mixed with the quartz. 

To the liquid which has passed through the filter a solu- 
tion of carbonate of soda is now added until no more efferves- 
cence takes place. This will precipitate all other metals which 
may be present except gold and platinum, which will remain 
in solution. The liquid is again filtered, and a solution of 
oxalic add added until it ceases to produce effervescence and 
has a sour taste ; then boil, and if gold be present it will be 
precipitated as a dark powder. The platinum, if any be pre- 
sent, will still remain in solution. 

Decant or filter the liquid from the gold precipitate, and 
add to the former protochloride of tin, when a reddish brown 
colouring will appear if platinum be present Or by boiling 
with tartaric acid and soda, the platinum will be thrown down 
as a black precipitate. 

It has been stated that if silver be present it will be found 
on the first filtering mixed with the quartz. Wash this with 
ammonia, which, if copper be present, will produce a deep 
blue tinge. To the solution which comes through add hydro- 
chloric acid until the smell of ammonia disappears, and the 
silver will be thrown down as a white curdy precipitate. 

It is evident that other methods and reagents may b 
adopted. For example, the original solution in aqua regi 
may be concentrated by evaporation, until it is very muc! 
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[reduced in quantity; then add about three-fourths of its bulk 
"f spirits of wine, and lastly a saturated solution of chloride 
>f ammonium. By these reagents the platinum will be thrown 
iown as a yellow crystalline precipitate, while the solution 
iltered from this, and treated with sulphate of iron or boiled 
|dth oxalic acid, deposits gold. 

By carefully weighing the gold obtained, the amount pre- 
sent in a given quantity of the ore or alloy may be exactly 
determined. 

Quantitative Determination of G-old by the Wet Pro- 
cess. — I will here give the method as indicated by Fresenius in 
his (i Quantitative Analysis.” 

The quantity to be operated upon should be small, 12^ 
grains being a very convenient quantity, as it is only necessary 
to multiply the result by eight to obtain the percentage com- 
position. If the gold be mixed with quartz or earthy matter, 
so much of this should be taken as may be judged from pre- 
liminary experiments to contain the amount of native gold 
above mentioned ; and this must be triturated in a mortar with 
great care before subjecting it to the action of the aqua regia, 
l^the quartz has to be reduced to a state of minute division, 
\to liberate all the gold if poJsible, and not to leave it 
loped with silica, which would prevent the action of the 
acid/ 

Fresenius recommends that the substance under examina- 
tion, having been weighed, be warmed with hydrochloric acid, 
.nitric acid being gradually added until solution is effected, or 
it may be repeatedly digested with strong chlorine water. 
This latter method is especially applicable when the gold is 
present in very minute quantities, or mixed with other oxides 
Iwhich it is wished to leave undissolved. 

The gold is always weighed as a metal, and its compounds 
be brought into this state (a) by ignition, (b) by precipita- 
tion as metallic gold, (c) by ignition preceded by precipitation 
as tersulphide of gold. 

(a) This method is applicable to all compounds of gold 
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which do not contain a fixed acid. The compound, should be 
heated in a covered porcelain or platinum crucible very 
gently at first, but finally to redness ; the residue is pure gold 
These results are the most accurate. * 

( 6 ) In the method of precipitation as metallic gold, two eases 
may occur which may conveniently be considered separately, 
namely: (i) That in which the solution is free from nitric 
acid ; (2) that in which it contains nitric acid. 

(1.) If the solution does not already contain free hydro- 
chloric acid, add a little ; then add a clear solution of sulphate 
of protoxide of iron in excess ; heat gently for a few hours 
until the precipitated fine gold has completely subsided ; filter, 
wash with hydrochloric acid first, and afterwards with water ; 
dry, and ignite. It will be found preferable to form the depo- 
sition in a porcelain evaporating dish rather than in a beaker. 

(2.) When nitric acid exists in the solution, it should be 
evaporated on a water-bath to the consistence of syrup, adding 
from time to time hydrochloric acid. Dissolve this residue in 
water containing hydrochloric acid, and proceed as directed in 
(1). It should be noticed that cases may occur in which the 
residue does not dissolve to a clear fluid, but this is of no con- 
sequence. 

(c) In the case in which ignition is preceded by deposition 
as a tersulphide, a stream of sulphuretted hydrogen should be 
transmitted in excess through a dilute solution of the com- 
pound under examination. The precipitate thus formed is 
speedily filtered off without heating, washed, dried, and ignited, 
as directed in a. 

In the method b % the liquid should be tested before pouring 
off, to make sure of the last traces of gold having been 
deposited. This may be done in the following manner: 
when the whole of the precipitate appears to have settled to 
the bottom, a few drops of the supernatant liquor are taken out 
on the end of a rod, placed upon a surface of clean white 
porcelain, and tested with a drop of protochloride of tin* If 
no purple precipitate be formed, it is a proof that the whole of 
the gold has been thrown down. If a dark brown colouring, 
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but still no subsidence, be produced, this will indicate the 
presence of platinum. If any precipitate be observed, more of 
the sulphate of iron or oxalic acid must be added to effect a 
complete precipitation of the gold contained in the solution. 

The pure gold after ignition is placed in a watch-glass or 
small capsule, and accurately weighed in a pair of delicate 
scales, which should be capable of turning with a difference of 
at least a hundredth part of a grain. Supposing the gold to 
weigh 10*75 grains, and that of the amount of alloy submitted 
to experiment was 12*5 grains, or the eighth part of one hun- 
dred, it is evident that 10*75 X 8 =86 is the percentage of 
pure gold present. 

Quantitative Estimation by Specific Gravity. — The 
high specific gravity of gold permits of its being estimated 
approximately in an ore or mineral of known specific gravity. 
The additional weight must be due to the presence of gold, 
and hence the amount of the latter may be estimated. 

Supposing we have a rich specimen of gold quartz, and 
wish to know how much gold the same contains, we pro- 
ceed as follows : we take the weight of the piece in the air, 
then suspend it by a string from the scales and let it plunge in 
a tumbler of water and note its weight. The principle, there- 
fore, is based on the well-known theorem of Archimedes : 
“ When a solid is immersed in a fluid it loses a portion of its 
weight, and this portion is equal to the weight of the fluid 
which it displaces ; that is, to the weight of its own bulk of 
that fluid.” The weight of the piece of quartz when weighed 
in water will be less ; the lessened weight being determined, 
nothing more is required than to find by division how many 
times the latter is contained in the former, and the quotient 
will give the density or specific gravity of the sample under 
examination. If we find that this is no higher than 2*6, it will 
be unnecessary to proceed further ; but if higher, the amount 
of gold present may be calculated from the difference. 

Let a represent the weight of sample in air in ounces ; let b 
represent the weight of sample in water in ounces ; let c repre- 
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sent the specific gravity of gold; let d represent the specific 
gravity of the quartz ; let x represent the weight of gold in 
sample. 

Then a less x represents the weight of the quartz ; 

x , 

- represents the weight of water displaced by the gold* in 
the sample when weighed in water ; 

A — x represents the weight of water displaced by the quartz 

in the sample when weighed in water; 

c ~d~ = A — B = tota l water displaced by the 

sample ; or, to put the equation in another form — 

i — dcb — AC 


Knowing the numerical values of a, b, c, and d, substitute 
them in the equation ; then multiply, subtract, and divide as 
indicated to find the value of x. By applying this method to 
a sample of gold quartz containing no impurities, such as 
pyrites, &c., the approximate amount of gold in the specimen 
can be determined without crushing. The specific gravity of 
gold can be taken as 19’ 2 and of quartz as 2-6. 

Let us suppose — * 

A = 26 ounces, b = 22 ounces ; 

(2*6 X I9’2 X 26) — (2-6 X 19-2 X 22) — (26 X 19*2 > 

~ 2*6 — 192 * 

c = 19-2 specific gravity of gold; x = 18-5 ounces of gold ; 
D = 2‘6 specific gravity of quartz ; 

DC (a - b)- d X 2-6 t 
19-2 — 26 * 

x = weight of gold 
q = weight of quartz 


Q = 2’6 x I9’2 (26 — 22) - 
19*2 — 26 


24 x 2.6 


=Q =r 7*95 ounces 


of quartz. 



CHAPTER XI. 

PHYSICAL AND GEOLOGICAL FEATURES OF 
GOLD-PRODUCING COUNTRIES . 

The Sierra Nevadas — T he u Mother Lode ” of California — Hot Springs 
of California and Nevada. — Other Features of those Countries — Death 
Valley — Hot Mud Springs — Telluride Ore Veins of Colerado — Origin 
and Characteristics of Gold Deposits — Placer Mines of California — 
Gold in Australia — Chemical Geology of Gold. 

The Sierra Nevadas. — As this mountain range of Cali- 
fornia — a region 300 miles long by 50 miles broad— owes its 
celebrity to the enormous amount of precious metals which 
have been produced from its numerous ravines, gullies, rivers, 
and quartz lodes, some observations here upon the geology of 
its mountain chains, and the distribution and probable origin 
of the precious metals, may prove t>f interest to the reader. 

There is probably no country on the face of the earth which 
in respect of natural features offers to the student so many 
points of attraction as California, while for scenic effects it has 
no equal. 

Among the numerous quartz lodes, the most prominent are 
those found near the line of separation of the granites and the 
schistose rocks. One great quartz lode — the “ Mother Lode” 
of California — having a thickness of from 2 to 20 yards, can 
be traced for about sixty miles, cropping out in some places 
like an immense wall. Professor Whitney, State Geologist of 
California, says of this vein : — 

“ It is by no means a continuous bed or vein of quartz, but 
rather a series of nearly parallel belts or lenticular masses, with 
barren intervals between them, but yet arranged nearly in the 
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same course, so that a straight line drawn in a direction of 
north 27 0 west from Jackson, in Amadar county, would either 
cut or pass through very nearly the whole of them. 

“ Yet this lode can be traced, by a succession of massive 
croppings and other easily recognised tokens of its presence; 
along a nearly straight line for a distance of about sixty miles. 
Throughout its entire length — from the Princeton and Jose- 
phine mines, on the Mariposa estate, to the Keystone mine, 
near Dry town, Amadar county— there occur at intervals vast 
wall-like outcrops of quartz, forming an impressive and pic- 
turesque feature of the landscape. The vein, in its upper 
portion, pitches toward the east at an angle of 45 0 to 50°, 
gradually approaching a vertical position as depth is attained. 

“In thickness or width it varies from 1 foot to 50 feet of solid 
quartz, but sometimes expands to a width of 100 feet or more, in 
which case the vein matter is partially filled with fragmentary 
slate and broken quartz. It is everywhere regularly walled, and 
uniformly carries a well-defined * gouge ’ or selvage of argilla- 
ceous clay, greatly facilitating the extraction of its ores. The 
western or foot wall is slate or greenstone, and the eastern or 
hanging wall, metamorphic slate, sometimes termed ‘ bastard 
granite ' by the miners. 

u The vein matter of thfc mother lode consists of grey or 
white quartz, impregnated with about 1 per cent, sulphurets, 
and rarely producing ‘specimen rock* or free gold-bearing 
quartz. Generally the gold is disseminated throughout the vein 
stone in such minute particles as to be invisible to the naked 
eye. 

“ The ore does not occur in a continuous channel, but in a 
series of chimneys or pay shoots, separated by stretches of low 
grade ore, barren quartz, or argillaceous slate. The longi- 
tudinal inclination of these chimneys is sometimes northward, 
and at others southward. In vertical continuity none of these 
pay shoots have, up to the present time, been completely cut 
off ; and the experience of over thirty-five years' exploration oh 
this lode has demonstrated the fact that the pay shoots may 
continue to a depth where mining, unless there should be a 
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great improvement in the grade of the ores, will cease to be 
profitable. 

“ The Sierra Nevada itself consists mainly of a central axis 
of granite, disturbed at intervals by volcanic action, in which 
is found only a small quantity of quartz. Along the western 
slope of this mass are thick bands of slates and shales, alter- 
nating with masses of serpentinous and trap rocks.” 

The slates of this locality belong (according to the same 
authority) to the Jurassic period, although in all probability 
some of those in Plumas county and elsewhere are of the 
Triassic. The great metallic belt lies on this western slope,, 
commencing at about the Tegon pass, and extending to the 
northern limit of the state. 

Judging from the immense quantities of quartz debris which 
are accumulated in the auriferous gravels of the country, it is 
certain that quartz accumulations must have formerly been in 
greater abundance and covered a larger area than would be 
inferred from the appearance of the existing veins of to-day. 

In regard to mineral wealth, California occupies a prominent 
position, not only with reference to the quantities of the pre- 
cious metals, but also to those metallic elements which occur 
but sparingly in other countries. Besides gold and silver, 
platinum, mercury, copper, lead* antimony, arsenic, tungsten,, 
tellurium, molybdenum, bismuth, chromium, manganese, iron, 
nickel, cobalt, and zinc, are found in various ores. 

If we look at the fissure veins on one hand, and observe on 
the other the immense masses of erupted rocks in these moun- 
tains, one cannot fail to suspect a connection and ascribe the 
production of fissures to volcanic forces, or to earthquakes 
that accompanied the eruption of molten rocks. But how, 
may we ask, were these cracks filled with vein matter? 
Neither the lateral infiltration hypothesis nor the injection 
hypothesis is sufficient to account for all peculiarities met here; 
but if we consider with Elie de Beaumont and H. Daubree 
that veins are the product of hot waters which, charged with 
mineral salts, entered these immense fissures from beneath and 
filled them to the brim, we may easily explain the presence of 



3*4 FEATURES OF GOLD-PRODUCING COUNTRIES# 


the quartz, of carbonate of lime, and of carbonate of lead and 
copper, as there is not a single metallic carbonate that would 
not be a little soluble in water charged with free carbonic acid# 

The occasional banded structure of the veins is also thereby 
explained, the deposits being made at first upon the walls of^ 
the fissures, and gradually filling up to the centre. If the cha- 
racter of the mineral water changed after a certain period, a 
change of the nature of the deposit would of course be the re- 
sult, and thus the banded structure of various ores — which 
also is seen occasionally in veins — would be accounted for. 
The deposition of vein matter from the hot waters is partially 
due to a loss of temperature of the water, partly to a loss of 
carbonic acid in contact with the air at the fissure surface. 
The formation of the metallic sulphurets might be explained 
by the subsequent entering of waters charged with sulphuretted 
hydrogen, converting the metallic carbonates into the sulphurets 
or sulphides. 

No other country abounds so largely with hot springs as 
do California and Nevada, and it is especially in the vicinity of 
mining districts that they are encountered. Who would doubt 
that the system of thermal springs was formerly much more 
extensive in California than at present, when one sees the 
glaring and decisive marks thsy have left, the cones they have 
built, the coatings produced ? A fine specimen of a snow- 
white coating over palaeozoic limestone is seen on the eastern 
slope of the Buena Vista mountains, three miles east of Cerro 
Gardo, Inyo county. 

On subjecting the surface conditions of California to a 
critical examination, one cannot fail to be struck by the great 
number of thermal springs. Indeed, there are few countries in 
the world with so large a number within an equal area. It is 
true, Montana and Idaho, with the famous geyser regions, con- 
tain also a considerable number ; and Nevada still more. But 
these territories, more or less, resemble California in regard to 
volcanic formations. There is no doubt that a close connec- 
tion exists between the latter and the thermal springs, both 
being due to the fact that the earth crust in this region cover- 
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ing the molten interior is thinner than elsewhere. Waters, 
after penetrating this crust, become heated, charged with salts, 
and are driven through other fissures to the surface by the 
power of the generated steam ; and it is to this relatively thin 
crust that we may look for an explanation of the numerous 
earthquakes occurring in California. 

Alexander von Humboldt, in describing his travels through 
the equatorial regions of South America, says that " the 
hypothesis of the relation between the volcanic formations and 
the existence of thermal springs seem not to be well founded,” 
simply because he encountered springs of nearly boiling tem- 
perature issuing from Azoic rocks at Mariara on the Orinoco. 
He certainly would have formed a different opinion had he 
travelled through New Mexico, Nevada, and California, where 
gigantic peaks and wide-spread flows of volcanic material form 
most prominent features. It may safely be assumed that it is 
the exception for thermal springs to issue within very large 
distances from volcanic formations. 

A fact of no little interest is the occurrence of a number of 
lakes in Eastern California containing as their main constituent 
carbonate of soda. These lakes, and a number of alkaline 
and saline flats, are situated east of the Sierra Nevada, and 
west of the great parallel ranges known as the White Moun- 
tains, Inyo and Argus ranges, which are filled with splendid 
fissure veins. The alkaline lakes are Owens Lake, Mono 
Lake, Black Lake, and the slough of Bishop's Creek. 

In Lower California, as in Eastern and Central Nevada, and 
in Utah, we find vast depositions of salt, saline efflorescences, 
and alkaline deposits as well as salt-water lakes. A striking 
feature is Saline Valley, in Inyo county. If one stands upon 
the summit of the Beveridge range of the eastern slope, and 
looks towards the east — but down, down until the senses 
swim with the awful depth and distance — Saline Valley 
is seen stretching along the base of these mountains, a 
great basin, a desert valley, rimmed by volcanic hills, its 
wastes of billowy sand, its sloping dry washes of rock and 
boulder, its shining patches of soda and salt blazing under the 
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the quartz, of carbonate of lime, and of carbonate of lead and 
copper, as there is not a single metallic carbonate that would 
not be a little soluble in water charged with free carbonic acid. 

The occasional banded structure of the veins is also thereby 
explained, the deposits being made at first upon the walls of 
the fissures, and gradually filling up to the centre. If the cha- 
racter of the mineral water changed after a certain period, a 
change of the nature of the deposit would of course be the- re- 
sult, and thus the banded structure of various ores — which 
also is seen occasionally in veins — would be accounted for. 
The deposition of vein matter from the hot waters is partially 
due to a loss of temperature of the water, partly to a loss of 
carbonic acid in contact with the air at the fissure surface. 
The formation of the metallic sulphurets might be explained 
by the subsequent entering of waters charged with sulphuretted 
hydrogen, converting the metallic carbonates into the sulphurets 
or sulphides. 

No other country abounds so largely with hot springs as 
do California and Nevada, and it is especially in the vicinity of 
mining districts that they are encountered. Who would doubt 
that the system of thermal springs was formerly much more 
extensive in California than at present, when one sees the 
glaring and decisive marks thsy have left, the cones they have 
built, the coatings produced ? A fine specimen of a snow- 
white coating over palaeozoic limestone is seen on the eastern 
slope of the Buena Vista mountains, three miles east of Cerro 
Gardo, Inyo county. 

On subjecting the surface conditions of California to a 
critical examination, one cannot fail to be struck by the great 
number of thermal springs. Indeed, there are few countries in 
the world with so large a number within an equal area. It is 
true, Montana and Idaho, with the famous geyser regions, con- 
tain also a considerable number ; and Nevada still more. But 
these territories, more or less, resemble California in regard to 
volcanic formations. There is no doubt that a close connec- 
tion exists between the latter and the thermal springs, both 
being due to the fact that the earth crust in this region cover- 
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ing the molten interior is thinner than elsewhere. Waters, 
after penetrating this crust, become heated, charged with salts, 
and are driven through other fissures to the surface by the 
power of the generated steam ; and it is to this relatively thin 
crust that we may look for an explanation of the numerous 
earthquakes occurring in California. 

Alexander von Humboldt, in describing his travels through 
the equatorial regions of South America, says that “ the 
hypothesis of the relation between the volcanic formations and 
the existence of thermal springs seem not to be well founded,” 
simply because he encountered springs of nearly boiling tem- 
perature issuing from Azoic rocks at Mariara on the Orinoco. 
He certainly would have formed a different opinion had he 
travelled through New Mexico, Nevada, and California, where 
gigantic peaks and wide-spread flows of volcanic material form 
most prominent features. It may safely be assumed that it is 
the exception for thermal springs to issue within very large 
distances from volcanic formations. 

A fact of no little interest is the occurrence of a number of 
lakes in Eastern California containing as their main constituent 
carbonate of soda. These lakes, and a number of alkaline 
and saline flats, are situated east of the Sierra Nevada, and 
west of the great parallel rangas known as the White Moun- 
tains, Inyo and Argus ranges, which are filled with splendid 
fissure veins. The alkaline lakes are Owens Lake, Mono 
Lake, Black Lake, and the slough of Bishop’s Creek. 

In Lower California, as in Eastern and Central Nevada, and 
in Utah, we find vast depositions of salt, saline efflorescences, 
and alkaline deposits as well as salt-water lakes. A striking 
feature is Saline Valley, in Inyo county. If one stands upon 
the summit of the Beveridge range of the eastern slope, and 
looks towards the east — but down, down until the senses 
swim with the awful depth and distance — Saline Valley 
is seen stretching along the base of these mountains, a 
great basin, a desert valley, rimmed by volcanic hills, its 
wastes of billowy sand, its sloping dry washes of rock and 
boulder, its shining patches of soda and salt blazing under the 
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The dryness of the air is so excessive that moisture is with- 
drawn from the body faster than it can be supplied through 
the system. From this cause frequent cases of death have 
occurred even when water was abundant, as it could not be drunk 
fast enough to supply the drain caused by the dessicative 
power of the dry hot air. I have had a similar experience 
in a neighbouring region \ and I have known also instances of 
prospectors setting out to explore the Coso Ranges, who m 
crossing Panamint Valley have been seized with a fever, 
followed by delirium. Becoming bewildered, they have wan- 
dered about aimlessly, beholding in the far distance lovely 
images of green vegetation, brooks of clear water, and with 
blazing eyes and panting breath they have hurried on to reach 
the spot, even divesting themselves in their despair of every 
particle of clothing, till under the burning heat of the desert 
they have fallen in death. 

Little vegetation can be found a short distance from water, 
excepting sage brush. Near the creeks only grass, willow, 
and mesquit brushes grow. The heat is intense, averaging 
from 95 0 to 105° Fahrenheit in the shade, and I have noticed 
it at the Modoc mine 126° in the month of July. Water can 
be found in abundance by sinking wells in almost any part of 
the valley. * 

The Indians mark the site of springs by placing large white 
stones at the mouth of each canon leading from the valley 
in which there is water ; and on looking up the canon, other 
stones are seen similarly placed, which lead to water if followed. 
Elsewhere it is useless to look for natural springs. 

Hot Mud Springs. — Near Coso District are hundreds 
of these springs, of great interest, some in constant motion, 
boiling and bubbling up mud. There is one oblong basin, 150 
feet long by 75 feet wide, filled with clear alum water, which 
ebbs and flows every few minutes. It gradually rises from 
4 to s feet, and as slowly sinks again. A white rock thrown 
into the spring can be seen to sink for a minute or more* The 
ground round about is hot. Half a mile west lie extensive 
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banks of sulphur. From crevices steam issues, and on the 
rocks sulphur in beautiful crystals sublimes. Similar mud 
springs are found in the Colorado Desert. Four miles distant 
are low hills of obsidian, several extinct volcanic craters, and 
walls of lava and pumice-stone, all showing that volcanic 
agencies were once very active at this locality. 

Telluride Ore Veins in Boulder County, Colorado. 
— This county is remarkable for its valuable belt of telluride 
ores, carrying gold and silver, which is found in the southern 
part of the county, the formation being three miles in width by 
about thirteen in length. Only twice before in the history of 
mining had telluride ores been encountered in any quantity 
— in the mountains of Transylvania, and in Calaveras county, 
California — but in neither instance did they appear in such 
novelty and abundance as in Boulder County. 

The telluride belt, as at present known, extends in a 
northerly direction through Gold Hill, which is five miles from 
its southerly extremity. The country rock, which at the 
northern part of the belt is micaceous or gneissic schist, is in 
the remaining portion principally gneissic granite. All the 
lodes carry mineral of a similar character ; but they may be 
divided into three classes, each distinguished by the kind of 
rock inclosing it. First, lodes in gneissic granite, embracing 
the richest and largest number of mines ; second, lodes be- 
tween granite and porphyry contacts ; third, lodes in micaceous 
or gneissic schist, including the remaining veins, among which 
is the Smuggler, probably the largest telluride vein yet opened 
in the country. 

Mr. John K. Hallowell, in a published monograph of 
Boulder county, gives the following description of the geolo- 
gical structure of the rocks of the district : — 

“ At a time when the system of elevations known as the 
Rocky Mountains had no existence, the space now occupied 
by them was an ocean of vast extent, but dotted here and 
there by islands of primitive granite, the earliest or oldest rock 
known. Around these islands sedimentary rocks were being 
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formed, which were of various thicknesses and extent, and 
which afterwards, by pressure and heat, became metamor- 
phosed. Such was the condition of the granite mountains 
Gold Hill and Big Horn, just east of it, in the olden age. 
Boulder City to-day is but ten or twelve miles east of them. 
This granite island shoaled off from twenty or twenty-five miles 
south. Both on the east and west sides of this primitive forma- 
tion heavy beds of sedimentary rocks (afterwards metamorphic) 
were deposited, gradually filling the ocean bed to a level, when 
on the southern part of this island they overlaid it many feet 
in thickness. But compared to the thickness of the strata 
built upon the sides of the granite, the overlying part was a 
mere shell. The metamorphic rock on the east side only 
came as far north as Boulder Creek. North of that, and east 
of the mountains named, there was none. As this ocean 
gradually shallowed, on the metamorphic rocks was deposited 
the sediment that afterwards made the cretaceous rocks of the 
plains and foothills. At this place or island on the east side, 
a few hundred feet only of this age of sedimentary rocks were 
laid directly upon primitive granite. The other formations are 
entirely wanting. At this time we have a shallow, marshy sea, 
with granite islands showing a small distance above the water- 
level. Abundance of vegetation in surrounding marshes, which 
afterwards made the lignite coal beds of the cretaceous 
measures. That this condition of things continued for a long 
time, and with some slight oscillations of level, is evident by 
the different beds and quantity of the coals. Finally came the 
contraction and wrinkling of the earth’s crust, the result of 
which was the Rocky Mountain system, which, as it arose 
from the ocean depths, brought up as dry land the whole 
system of the plains from just west of the Missouri River, as 
well as the adjoining lands through to the Pacific Ocean. 

“The force that elevated the mountain range carried the 
granite is’ands up also. In the movement large fissures opened 
in the granite, miles in length, and parallel with the longest 
axis of the island. The metamorphic rocks broke at their 
thinnest place, viz. just over the granite, and stand to-day 
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uptilted upon each side of it. Those strata to the east dip 
towards the plains, those west towards the range proper. 

“ The different dips of these metamorphic rocks puzzled me 
for over a year, as when working in Clear Creek County in 
1880 I noticed it, and could get at no legitimate cause, 
although in South Clear Creek, a short distance above the 
forks, I could see where the strata broke; and at this place, on 
the north side of the creek, I found primitive granite over- 
topping with knife-blade streaks of tellurium ores. At that 
time I could not understand all of its significance, until a study 
of the foothills at Boulder City led me to connect the two 
points, and so solve the problem of the structure. At Clear 
Creek this split of the metamorphic rocks turned west a couple 
of miles, then south-west several miles. The bed of South 
Clear Creek occupies the chasm to the mouth of Chicago 
Creek, and this creek follows the rent in the metamorphic 
rocks almost to its source. Now this split and fissured granite 
held water like a sponge, the motion of the rocks gave great 
heat, the heated waters sought the surface through these fis- 
sures, at the surface the thermal waters rapidly evaporated, 
leaving their solids in the fissures. Thus were formed the 
veins of this tellurium belt. 

“Here occurs a beautiful illustration on a stupendous 
scale of the theory of mineralogists, that the contents of 
veins are derived from atoms carried in aqueous solutions 
from the surrounding country rocks — that the contents of the 
vein are thereby governed by the character of the country 
rock. Here in the primitive granite exclusively do we get the 
veins carrying the tellurium ores and the sulphides contained 
in the other veins. In the parallel metamorphic rocks between 
the tellurium belt and the range we get the veins with the 
ordinary sulphides, but no tellurium. 

“ In one place only are tellurides known where the outcrop 
is in recent formations — that is, in the Bassick Mine of 
Custer County, Colorado. To my mind this indicates that 
the source of the ore supply extends down through all the 
overlying rock, to a fissure in the underlying primitive rock. 
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Consequently the deposit of ore in the Bassick Mine will be 
found to be inexhaustible by any means known at this date 
that man can work with. 

“ There are more of these tellurium belts in Colorado, some 
of them, perhaps, as extensive and rich as the described 
veins of Boulder County, but nowhere so accessible and well 
proven.” * 

Origin and Position of the Gold Deposits. — Auriferous 
rocks, in whatever part of the world they be found, almost 
always exhibit a striking resemblance to each other; and 
although at times gold is discovered with granite and other 
rocks as a matrix, it is generally associated with quartz. These 
rocks are of the Silurian period, and it has been observed that 
the richest deposits are found where rocks of this age have 
been disturbed by volcanic action. 4 4 The most usual original 
position of gold” (says Sir R. Murchison) “ is in the quartz ore 
veinstones that traverse altered palaeozoic slates, frequently 
near their junction with eruptive rocks. Sometimes, however, 
it is also shown to be diffused through the body of such rocks, 
whether of igneous or of aqueous origin. The stratified rocks 
of the highest antiquity, such as the oldest gneiss or quartz 
rocks, have very seldom borne gold; but the sedimentary 
accumulations which followed, or the Silurian, Devonian, and 
Carboniferous (particularly the first of the three), having been 
the deposits which, in the tracts where they have undergone a 
metamorphosis or change of structure by the influence of 
igneous agency or other causes, have been the chief sources 
whence gold has been derived.” 

It is noteworthy that the great gold-fields of Australia 
extend without interruption along the slopes of the range sepa- 
rating the eastern seaboard from the Continent, while the gold- 
bearing mountains of California and British Columbia extend 
in an unbroken line along the western shore of America; 
Indeed, the great American Cordilleras, which is auriferous 
and metal-bearing throughout its whole length, extends in an 
unbroken line, from Behring Straits in the north to Cape Horn 
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in the south, bordering the coast of the Pacific Ocean along 
the North and South American Continents. The Australian 
range extends southwards across Bass’s Straits, and north- 
wards it crops out at intervals in the various islands, finally 
terminating in Japan. Thus the great basin of the Pacific has 
on each side an elevation of volcanic origin, from which at inter- 
vals gold is obtained. 

Characteristics of the Gold Deposits. — The chief 
sources from which gold is obtained, are, firstly, alluvial de- 
posits ; and, secondly, quartz rock — commonly a vein of 
greater or less thickness, intersecting beds of granite or layers 
of slate. The former, consisting of sand and gravel, have been 
produced by the disintegration of the siliceous, granite, and 
other igneous and metamorphic rocks, and have been trans- 
ported by the agency of water from the mountainous districts. 
In these beds it is invariably found in the metallic state, but is 
never quite pure. It usually contains a certain proportion of 
silver, and not unfrequently iron, copper, and small quantities 
of several other metals. 

In the Californian gold region the gangue of the' auriferous 
veins is invariably quartz, which is generally crystalline in 
structure, though sometimes partiaily vitreous. The veins are 
irregularly distributed among the metamorphic slates, but occur 
chiefly in the neighbourhood of crystalline and eruptive rocks. 

The quartz of a veinstone is generally ribboned, so as to 
form a succession of layers parallel to the walls of the lode, 
and frequently some one or more of these laminae are more 
productive than the rest. The metallic minerals, ordinary iron 
pyrites, blende and galena, arsenical pyrites, copper pyrites, 
and some silver ores, invariably accompany the gold. 

“ How gold came to be present in quartz veins ” (says Pro- 
fessor Whitney) “ is very hypothetical. All that can be said 
is, that it was evidently deposited from the solutions which 
gave rise to the formation of the inclosing quartz ; and this 
appears the more evident from the presence of that metal in 
pyrites inclosed in siliceous incrustations, as well as from the 
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fact of large quantities of gold having been formed in the 
interior of the stems of trees, which in deep diggings are often 
converted into pyrites. 

“ The constant presence of iron pyrites in auriferous veins, 
and when so occurring its invariably containing a certain 
amount of gold, suggests the possibility of this sulphide b^ing 
in some way necessarily connected with the solvent by which 
the precious metal was held in solution. It has been shown 
that finely divided gold is soluble in the sesquichloride of 
iron, and more sparingly in the sesquisulphate of that metal. 
It is also well known that iron pyrites sometimes results from 
the action of reducing agents of the sulphate of that metal. 
If, therefore, sulphate of iron, in a solution containing gold, 
should become transformed by the action of a reducing agent 
into pyrites, the gold, at the same time being reduced to 
the metallic state, would probably be found inclosed in the 
resulting crystals of that mineral." 

The Placer Mines of California. — In the early days of 
Californian history all the gold was obtained from the alluvial 
deposits, and after these became exhausted and the deep 
gravel mines were attacked^ attention was drawn to the quartz 
mines. The “shallow placers” were formed at a more recent 
period than the “ deep placers,” which were deposited by an 
entirely different river system from that now in existence. 
These ancient rivers evidently flowed at a much higher level, 
and frequently at right angles to the valleys of the present day. 
The beds of these rivers— which bear the name of the ancient 
Californian Pliocene rivers — belong to the Tertiary age, and 
are most likely of the later Pliocene epoch. Their apparently 
unlimited deposits of metalliferous gravels are now worked on 
a gigantic scale by what is known as the “ hydraulic process," 
of which an account has been given in the first chapter of this 
work. 
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Formation of the Gold Deposits.— In further elucida- 
tion of this question, it will be well to give the views of 
Professor B. Silliman,* It is susceptible of proof (he says) 
from numerous well-established facts that at the close of 
the geological epoch, just prior to the appearance of man upon 
the earth, the whole of the western slopes of the Sierra Nevada 
Mountains were, below a certain horizon, covered by a vast 
spread of alluvium, owing its origin, probably, to the action of 
extensive glaciers, which have left the evidence of their former 
presence everywhere in the higher Sierra. The glaciers 
furnished the transporting power that brought from above 
the fragments which, by long-continued action of running 
water, were worn into the smoothly rounded boulders, gravel, 
and sands forming the gold-bearing alluviums. 

The melting of the glaciers as their lower skirts reached the 
warmer zones furnished the water for these ancient rivers, 
whose beds are now r found far above the level of the present 
river system, and whose courses are generally crossed by the 
valleys of the modern streams. This condition of things con- 
tinued long enough to permit the accumulation of beds of 
gravel, the gold-bearing alluvium, to a depth and extent un- 
known anywhere else in North America; and, if we speak of 
auriferous deposits, unequalled elsewhere in the world. Of 
the thickness of this accumulated material we have evidence in 
numerous places, where it has been protected from the action 
of subsequent denudation by a capping of volcanic materials. 
In many such places it reaches a thickness of 500 feet. Usu- 
ally, however, it has been denuded to one half of this thickness : 
often less, and in many regions has been swept completely 
away* 

Subsequent to the glacial and alluvial epoch to which the 
gold-bearing gravels are referred, there was a period of intense 
volcanic activity, the evidence of which is seen most conspicu- 
ously in the Table Mountains of California, so-called, which 

* As given in Mr. R. W, Raymond's Official Report on Mines and 
Mining. 
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are cappings of basalt forming highly characteristic ranges, 
which portions of the ancient gold-bearing gravels are exten- 
sively explored in Tuolunine County by tunnels driven beneath 
the basalt cappings into the ancient river beds. 

Following the outpourings of the volcanic matter there has 
evidently been an epoch of very active denudation by runryng 
water, which has broken up and removed the volcanic cap- 
pings, leaving them entire only here and there, as landmarks 
showing the ancient levels, and sweeping away also vast areas 
of the old alluvium and redistributing it as secondary or shal- 
low placers at lower levels. This denudation was probably 
consequent on the sudden disappearance of the vast system of 
glaciers which up to that time crowned the entire range of the 
Sierras with ice. It was greatly more energetic in the southern 
portion of the Sierras than in the northern, where the mass of 
ancient alluvium remaining is much greater than it is in the 
former region. The extent of the ancient alluvium, as well as 
the energy of the power which produced it originally, and subse- 
quently denuded it, becomes apparent on a study of the 
phenomena, carrying to the mind an overwhelming conviction. 

It was these extensive deposits of gold which attracted the 
attention of the first adventurers, and were by them called “hill 
diggings;” but their real nature and significance were not at first 
fully understood, and, being generally much above any sources 
of water supply then available for washing, they received but 
little attention. Especially were they overlooked while the rich 
spoils derived from their secondary removal by denudation 
were available with no other means than the miner’s pick, pan 
and shovel, upon those productive “bars” of adjacent rivers 
and in rich “ gulches,” where the gold (derived in large masses 
from the denudation of the ancient alluvium) lay open to the 
first comer in a concentrated form. So complete was the 
removal of the gravel in some of the southern counties that the 
gold, left behind by its weight, lay upon the naked rock, covered 
only by a few inches of vegetable mould — as at Mokolumne 
Hill, where, in the limits of a single claim 1 5 feet square, the 
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precious metal to the amount of ;£ 10,000 fell, in one instance, 
to the lot of a single adventurer. 

Gold in Australia. — From the researches of Mr. Selwyn, 
the Government geologist, it would appear that the gold-bear- 
ing strata of Victoria belong to a geological period much more 
ancient than that of the auriferous rocks of California. They 
belong, in fact, to the lower Palaeozoic or Silurian epoch, and 
are (as Sir R. Murchison observed) almost identical in 
character with the Ural mountains. These rocks of Victoria 
are remarkable for the almost total absence of limestone 
bands, the number and extent of the quartz veins, and the 
constantly recurring protrusions, at short intervals, of granitic 
and occasionally of plutonic trappean rocks. 

The quartz veins vary in thickness, from that of a sheet of 
paper to many feet ; the thick veins being found in the lower 
portions of the series, but they are as a rule less productive than 
the thinner ones in the upper beds. The mines are frequently 
worked to immense depths. 

Although the metamorphic rocks of Victoria appear to belong 
to a more ancient geological epoch than those of California, it 
should be observed that the drifts or deep diggings of the two 
countries seem to belong to the same geological epoch, and 
are both covered by a volcanic mass. Mr. Selwyn has concluded 
that there must exist two distinct series of quartz veins ; the 
older ones having been formed previous to the Miocene period, 
and being comparatively barren ; while the newer ones formed 
subsequently, but previous to the Pliocene period, are produc- 
tive. 

South Australia, Western Australia, Queensland, Tasmania, 
and New Zealand — especially the latter — are also gold-produc- 
ing countries. 

Chemical Geology of Gold. — Professor Phillips, in 
the Proceedings of the Royal Society for 1868, has given the 
following as the result of his examination of the geology of 
California, regarded from a chemical point of view : — 
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“ (a) Quartz veins have generally been produced by the 
slow deposition from aqueous solutions of silica on the surfaces 
of the inclosing fissures. 

•*(£) From the general parallelism with its walls of the 
planes of any fragments of the inclosing rock which may have 
become imbedded in a vein, it is to be inferred that they wei£ 
mechanically removed by the growth of the several layers to 
which they adhered, and that a subsequent deposition of quartz 
took place between them and the rock from which they had 
become detached. In this way were introduced the masses of 
rock known as ‘ horses/ 

“ (c) The formation of quartz veins is due to hydro-thermal 
agencies, of which evidences are still to be found in the hot 
springs and recent metalliferous veins met with in various parts 
of the Pacific coast. 

“ (d) From the variable temperatures at which the vacuities 
in their fluid cavities become filled, it may be inferred that they 
are the result of an intermittent action, and that the fissures 
were sometimes traversed by currents of hot water, whilst at 
others they ’gave off aqueous vapour or gaseous exhalations. 
This is precisely what is now taking place at Steamboat Springs 
in Nevada, where the formation of a vein is in progress, and 
from which currents of boiling water are often poured forth, 
whilst at other times the fissures give off currents of steam and 
heated gases only. 

“ (e) That gold may be deposited from the same solutions 
which give rise to the formation of the inclosing quartz, 
appears evident from the presence of that metal in pyrites 
inclosed in siliceous incrustations, as well as from the fact of 
large quantities of gold having been formed in the interior of 
the stems of trees, which in deep diggings are often converted 
into pyrites. 

“ (/) The constant presence of iron pyrites in auriferous 
veins, and when so occurring its invariably containing a cer- 
tain amount of gold, suggest the possibility of this sulphide 
being in some way necessarily connected with the solvent by 
which the precious metal was held in solution. It has been 
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shown that finely-divided gold is soluble in sesquichloride of 
iron, and more sparingly in the sesquisulphate of that metal 
It is also well known that iron pyrites sometimes result from 
the action of reducing agents on the sulphate of that metal. 
If, therefore, sulphate of iron, in a solution containing gold, 
should become transformed by the action of a reducing agent 
into pyrites, the gold, at the same time being reduced to the 
metallic state, would probably be found enclosed in the result- 
ing crystals of that mineral. 

“ (g ) The silica and other substances forming the cementing 
material of the ancient auriferous river-beds, have probably 
been slowly deposited at a low temperature. 

“It should be mentioned that Professor H. Wurtz differs 
from Sir R. Murchison as to the origin of gold, and has sug- 
gested a very plausible theory, ascribing it to a totally different 
cause. Having observed that aqueous solutions of sulphate of 
sesquioxide of iron were capable of, retaining in solution a 
small but appreciable amount of metallic gold, and coupling 
this with the general belief that gold and gold-bearing sul- 
phurets have been of aqueous deposition, he suggests that all 
the gold was held in solution in a 4 Prozoic thoroughly oxi- 
dated ocean,’ the sulphurets of iron now so abundant in cry- 
stalline rocks being dissolved in it as persulphates, and this 
persulphate in its turn being quite capable of retaining in 
solution all the gold in the earth’s crust. When, however, in 
this lifeless ocean organic existence commenced, together with 
the accompanying deoxidising processes, the ferric became 
ferrous salts, and these being incapable of retaining gold in 
solution, it was deposited. Wurtz refers to one of the two 
richest gold-fields yet discovered — that of California — as dis- 
proving Murchison’s general conclusion, that all gold-fields are 
of the Lower Silurian Age, the Californian gold-bearing forma- 
tions being as recent as the Jurassic.” 


As a conclusion of the whole matter, one may say that the 
origin of gold is so far completely enveloped in mystery. 



330 FEATURES OF GOLD-PRODUCING COUNTRIES. 


Scientific research has not as yet thrown sufficient light on the 
question how the gold originated in the rocks, and the chemical 
hypothesis above enunciated is an hypothesis only, without 
having (to many minds) any substantial evidence upon which 
it may be accepted as solid, demonstrable truth. 

I have ventured, however, in the foregoing pages of thig 
chapter, upon somewhat full illustrations of the intimate con- 
nection which undoubtedly exists between the ancient volcanic 
eruptions, and the accompanying thermal springs and solfataras, 
with the mineral lodes which are of so much interest at the 
present day. It is a matter of every-day proof that* through 
those agencies the precious metal lodes have in some way 
been originated ; and many contemporaneous formations of 
crystalline silicates, formed by the agency of thermal waters, 
are to be met with in various parts of the globe, which are 
the last remnants of a once grand and powerful volcanic 
activity. 



CHAPTER XII. 

RETROSPECT AND PROSPECT 

Causes of Failure in Gold Mining,— Mr. William Topley on the 
Future Production of Gold. 

Causes of Failure in Gold Mining. — Although the 
causes of failure in gold mining are not properly within the 
scope of this work, I will venture to offer a few remarks upon 
that subject, seeing that at the present time it is a matter which 
widely concerns the public interest. 

(i.) It is notoriously true of mining property generally, and 
not only of gold mines, that instead of dealing with such 
undertakings as we do with other business enterprises, they 
are too often made the object of stock speculations, in which 
“ corners ” are made by the unscrupulous, and the venture- 
some and unwary are again and again caught, as they ever will 
be, by their more vigilant and astute adversaries. These 
“ stock speculations ” are in plain language gambling, and a 
continuation of such gambling — with its resulting losses to 
many and gains to a few — leads to periods of depression in 
the mining market, during which time many promising mines 
have to suspend operations for lack of capital to develop them. 
Gold mines are then generally at a great discount. But all 
this has, it is needless to say, no necessary connection with 
legitimate mining, which should in no sense suffer disparage- 
ment from practices so detrimental to its best interests and so 
foreign to its objects. Still, many failures of legitimate under- 
takings are directly due to over-speculation. 
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(2#) The cases where large sums of money have been spent 
on extensive and expensive machinery before the investors 
have definitely ascertained that they have a veritable gold 
mine to deal with, can be counted by scores or hundreds, 
perhaps even by thousands. It is a safe rule to develop your 
mine first, before a penny is spent on mills, batteries, and ( 
other appliances for treatment of the ores. 

(3.) Adopting wrong processes for the treatment of the 
produce is another fruitful cause of loss. It should never be 
forgotten that the fact of a certain process working well for the 
ores of one mine is no guarantee that it will do the same for 
others. Remember that a particular process is not necessarily 
suitable for every ore, though it may happen in individual 
cases that the ore is found adapted to a process selected more 
or less fortuitously. 

(4.) Too small a percentage of the precious metal saved 
after heavy expenditure for extracting and raising ores is 
another cause of failure. This result may fall within the 
category indicated in the last paragraph ; or it may be owing 
to excessive outlay in works and appliances, which have been 
estimated on too large a scales or it may be owing to incom- 
petent or defective management. 

(5,) Again, investors may be misled as to the value and 
prospects of a gold mining property by high assays of samples. 
The assay of picked samples never tells the value of a gold mine. 
To determine the average value of the ores throughout a vein 
is a difficult and complicated matter, which is not to be 
determined by single assays, and many failures in promising 
speculations may be traced to high preliminary assays and low 
returns after the mills have been erected. 

These cautions may seem to many to afford them very little 
help or guidance in particular cases in which they may desire 
to determine for themselves what is, or is not, a prudent 
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investment. But no rules which would be sufficient for that 
purpose can be laid down. Those familiar with mining pro- 
cesses can only point out the special risks attaching to enter- 
prises, the conduct of which is beyond the knowledge and 
control of the great body of investors who find the means of 
working them, leaving it to the investors themselves to shape 
their course in venturing upon undertakings which they can- 
not personally control. 

The Future Production of Gold. — In a paper read before 
the British Association at Manchester, in 1887, Mr. William 
Topley, F.G.S., Assoc. Inst. C.E. (of the Geological Survey 
of England and Wales), dealt very carefully and exhaustively 
with the important question of the future production of gold, 
treating it with regard both to the geological distribution of 
auriferous ores and minerals, and to the actual yield of gold 
from the various sources of supply in former years. The whole 
paper (which deals in like manner with the future production 
of silver), may be commended to the consideration of all who 
are interested in the production of the precious metals ; but I 
am glad to avail myself of Mr. Topley’s permission to quote 
here the subjoined passages,* in which he summed up the 
conclusions at which he had ayrived, so far as regards the pro- 
duction of gold : — 

“ In taking a general review of the goldfields likely in the 
near future to yield the most constant supply, it is evident that 
an important place must be given to Russia. With a very 
slight fall in the produce of Australia and of the United States, 
Russia would again take her old place at the head of the 
gold-producing countries. With its enormous areas of placer 
gold only partially worked, and its Siberian veins untouched, 
a steady yield of gold may be anticipated for many years to 
come. 

♦ From the Report (1887) of the British Association for the Advance- 
ment of Science. Mr. Topley’ s paper was prepared at the request of the 
Section of Economics, and was ordered to be printed in extmso by the 
General Committee. 
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“The United States and Australasia have of late years 
been running very closely together, Australia being slightly in 
excess. In the former there is now a slight tendency to rise 
in yield.* A permanent rise cannot safely be anticipated ; a 
more steady yield than in past years is all that can be hoped 
for : and this it seems likely may be the case, largely due to 
quartz mining. The rapid fall in the gold produce of the 
United States from 1877 to 1883 was chiefly due to the 
decrease of silver mining in the Comstock district, about forty 
per cent, of the value here being gold. If we deduct the 
silver gold, we see that the fall from 1877 was a very gradual 
one. The vast placer deposits of California, now in great part 
sealed by repressive legislation, will be to some extent again 
worked either by drift mining or by hydraulicking, with provision 
for the retention of the debris. Australasia shows a gradual 
steadying of the produce, neither placer nor quartz mining 
varying much from 1880 to 1885. 

" Of the newer goldfields the first place should probably be 
given to Venezuela, &c. The wealth of this country in gold 
quartz is well established ; but we may perhaps expect for a 
time a greater development of alluvial mining. 

“ South Africa is generally looked upon with favour as a 
source from whence our future supply of gold may in part be 
drawn. Without doubt there are here rich lodes, and it would 
be strange if this country were destitute of rich placers ; though 
of this there is as yet but little evidence. From these sources 
mines may possibly be worked at a profit which will give a 
steady yield of gold ; but there is as yet no evidence that the 
yield will be sufficient in amount to materially influence the 
worlds production, 

“ As regards India the prospect is still less hopeful. That 
large quantities of gold were raised here by the native princes 
in times preceding the British rule is tolerably certain ; but it 
is probable that this large production was spread over long 

* Since this was written, the United States' statistics for 1886 have ap- 
peared. The yield of gold for the last four years is stated as follows : 1883, 
30,000,000; 1884, 30,800,000; 1885, $31,801,000; 1886, $35,000,000. 
— W. T. 
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periods of time, and certainly it was raised under conditions — 
of forced labour, &c. — which are not now applicable. 

“ It is unlikely that India will ever contribute to the world’s 
stock sufficient native gold to materially influence the total 
production. A far more important point is the amount of gold 
hoarded in India, and the probability or otherwise of that 
being some day set free. Most estimates concerning gold are 
ludicrously vague, but on the question of the amount hoarded 
vagueness is unavoidable. It is known that ;£i 30,000,000 of 
.gold has been taken into India since 1835; practically none 
of this is in circulation (silver being the standard and the 
coinage of India). How much was hoarded in the centuries 
preceding 1835 no one can say. If it only equals the amount 
hoarded since, we have ^260,000,000, or nearly thirteen 
times the world’s present annual production. The original 
source of this gold and the ways by which it reached India 
would be an interesting subject for inquiry. Since 1851 it is 
the gold of the world, mainly sent through England ; but in 
the long past times it was probably in part of native produc- 
tion, in part the gold of Europe, sent over the old trade 
routes in return for the manufactured articles of India. It is 
supposed that at least as much silver is hoarded in India as 
gold. If so the value of silver and gold hoarded in India 
since 1835 nearly equals in value one-third of the total amount 
of gold and silver coin now in circulation in the world. 

“ Famines set free some of this gold, and we may perhaps 
anticipate that the diffusion of Western ideas will free more, 
but it is unlikely that gold will come from this source in 
sufficient quantities to influence the annual production of the 
world. 

“ British Columbia may possibly increase its yield. Other 
countries (as yet little known), as Equatorial Africa, Borneo, 
and North China, may add somewhat to the world’s stock. A 
steady though comparatively small supply may be looked for 
from the treatment of silver ores and from the auriferous ores 
of other metals. In all parts of the world an increased supply 
is assured by improved methods of mining, milling, and metal- 
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lurgyj this will be obtained by an actual increase from ore 
now worked, and also from ores of lower grade, made profit- 
able by the improved methods ; whilst tailings, &c., of former 
times can in some cases be profitably worked over again. 

“ But for all practical purposes the chief sources will pro- 
bably continue to be the goldfields of the United States, of 
Australasia, and of Russia, aided by the development of the 
goldfields of South America. Everything points to a steady 
production from the three areas first-named, and to an increased 
yield from the last. 

“ In all metal-mining there is far too much gambling and 
wild speculation, and it is doubtful if, taking metal-mining all 
round, the value raised equals the expenses. But gold-mining 
cannot be ranked with ordinary mining. There is a glamour 
about gold which blinds men to ordinary prudential considera- 
tions. The wildest schemes meet with willing supporters, and 
money is always forthcoming to develop the poorest mines and 
to keep them going upon the most shadowy of hopes. 

“ Enormous fortunes have been made in gold-mining by a 
few lucky speculators. But for one who has been thus fortunate 
there are scores who have lost heavily. 

“The facts which we have been considering as to the 
probable future of gold-mining warrant us in believing that the 
industry will gradually make for itself a sounder and more 
honest position. But there must ever be great uncertainty, 
and therefore a wide field for speculation and for dishonest 
dealing. 

“ If a steady and undiminished production of gold is essen- 
tial for the well-being of the world, perhaps what we have 
most to dread is a sudden influx of common-sense and pru- 
dence in the investing public ; for this would at once close a 
great number of mines, and might considerably diminish the 
world’s production. But probably this contingency is suffi- 
ciently remote to be safely left out of consideration." 
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| Quartz mines, Grass Valley, 2 
i Quartz mining operations, 2 
j Quicksilver, cleaning the, 84 

RAYMOND, R. W., on crushing, 

Reagents, application of, 306 
Reduction by stamps, 23 
Refining by chlorine, 256 

I by cupellation, 248 

Reich enecker on cost of milling, 90 
• Results of mill process, 90 
Retorts, 86 

Retorting the amalgam, 87 
Retrospect and prospect, 331 
Riffle sluices, 45 

Rittenger funnel or pointed boxes, 
121 

Roasting, operation of, 188 

■ arsenical pyrites, 175 
furnaces, 176 

• with salt, 191 

• sulphurets, 174 

• dishes, 290 
Rock-breakers, 21 

- capacity of, 23 
Rock crushed, quantity of, 

Rocker, 127 
Rollers, 276 
Round buddle, 134 
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INDEX. 


Q* AMPLING and assaying, 95 
^ Screen, 39 
Screen frame, 39 
Scorifter, 394 
Scorification, 293 
Scorifying tongs, 294 
Self-feeder, 41 
Self-raising riffle gate, 226 
Settler, 59 

Settling tank, 200, 210 
Shears, 276 
Shoes, 33 

for pan, 50 

Sierra Nevadas, 31 1 
Silicate of magnesia in chlorination, 
174 

Silver, 304 

- amalgam, 65 

- extraction of, 7 
Silvered copper plates, 65 
Single roasting furnaces, 176 
Sluices, 73 

Sluice boxes, 13 
Smelting iron pyrites, 245 
Soderling amalgamating pan, 55 
Sodium amalgam, 84 
Specification for battery, 102 

of mill, 103 

Spitzkasten, 121 
Spitzlute, 123 
Splash box, 40 
Stamp mill, capacity of, 23 
Stamps, 31 

- operation of, 34 
Stem, 32 

Successful working, conditions of, 79 
Sulphate of copper, 66 

iron, 201 

Sulphur, absorption of, by gold, 96 
Surcharge on assay, 283 


32 

, Col. J. M., on concen- 
tration, 163 

Telluride ores, treating, 241 

- veins in Colorado, 319 
Ten-stamp battery, 102 
Test for other metals, 303 

for perfect roast, 190 

for presence of gold, 302 

Testing, preparation for, 301 
Thies process, 222 
Tossing tub, 142 
Trichter apparatus, 226 
Tulloch’s ore-feeder, 42 


'T'APPET, 

Taylor 


TTON PATERAS and Roeszner 
V process, 237 
Valuation of gold alloys, 273 


TI^ASH bottle, 198 
* * Waste of gold in 
tion, 93 

Water pipes, 15 


Wear and 1 

Wear of iron, 89 

Weighing the assay piece, 272 

the metal button, ; 

Weight and power of stamps, 34 

Wheeler pan, 52 

Workmen required in mill, 88 


V 71 ELD of gold in California, 6 
* Yoke in pan, 50 


2 ^ILE Mine and mill, 105 


PRJNTEP PY J. $. VIRTUE AND CO., LIMITED, CITY ROAD, LONDON, 



AD VERTISEMENT. 


The only largo ihopi in exiotonoo oololy devoted to Mining Machinery. 

FRASER & CHALMERS, 

CHICAGO, ““ “ 

MANUFACTURERS OF 

MINING 

STEAM ENGINES, BOILERS, - 

Gold, Silver, and Copper Stamping and Dressing Machinery. 



Branch Office! ; NEW YOBK, DENVER, SALT LAKE CITY, and OHIHOA, MEXICO. 

London Office : 23, B UCKLERSBURY, E.C. 


Telegraphic Addre ss: “Vannbk,” London, Nf.w York, and Chicago. 

AMALGAMATING MACHINERY. 

Stamp Mills for Wet or Dry Crushing. Huntington Centrifugal Quartz Mill. 
Roasting Furnaces, Melting Furnaces and Drying Cylinders. Amalgamating Pans, 
Settlers, Agitators and Concentrators. Retorts, Bullion Moulds and Ingot Moulds. Con- 
veyors and Elevators, Copper Plates, Electro-Silver Plated for Gold Saving. Howell's 
Improved White’s Roasting Furnace. Bruckner’s Improved Furnace. Hoffman’s Im- 
proved Furnace. Stetefeldt Furnace and Dry Kiln. 

CONCENTRATING MACHINERY. 

Blake Crushers and Comet Crushers. Crushing Rollers, Finishing Rollers. Plunger 
Tigs and Collom Jigs, Wood and Iron Boxes. Frue Vanner and Embrey Concentrators. 
Evans , Collopi’s and Rittenger's Slime Tables. Trommels, Screens and Punched Plates. 
Ore Samplers and Grinders. 

w SMELTING MACHINERY. 

Water Jacket Blast Furnace for Copper and Lead Ores. SlagCars and Pots, Bullion 
Cars and Pots. Lead Mould and Ladles. Crucible Tongs. Blast Pipe and Water 
Tuyeres. Patterns for all kinds Reverberatory and Matte Furnaces. 

Machinery for ihe Systematic Treatment of Silver and Gold Ores , by the 
Leaching or Lixiviation Process. 

HOISTING AND PUMPING MACHINERY. 

HAXiLIDIE’S WIRE TRAMWAYS. 

Perforat ed She et Metals of all Kinds for Milling , Mining, and Other Uses. 

BTTOTUVAlfT CBU0HB& AND FXTLVBSZBSXL 

^ , „„ . _ AOKNTS FOK AND DK aLERS in • 

Leftell Water Wheels— -Petton Knight Hnrdy Gurdy Wheels— Root &* Baker Pressure 
BUmers— Diamond -Pointed Rock Drills— Steam and Rotary Pumps — Hasai d Wire 
» rmzht Iron Pipe-General Mill and Mining Supplies, Etc., Etc. 
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A D VER TISEMENT 


We can refer to the following Companies whose Mills have been 
built by us : — 

GOLD. 

Montana Co., Limited, U.S. Day Dawn Co., Australia. 

El Callao Co., Venezuela. Boicza Gold Mining Co., Hungary. 

Paarl Pretoria Co., South Africa. Venezuelan Austin Co., Venezuela. 
Alturas Co., Idaho. Empire Mining Co., U.S. 

Black Hills Companies, 350 Stamps. 

SILVER. 

Boston and Montana, U.S. Broken Hill Co,, Australia. 

Lexington, U.S. United Mexican Co., Mexico. 

Granite Mountain, U.S. Blue Bird Mining Co., U.S. 

Pinnacles Silver Mining Co., Australia. 

COPPER. 

Anaconda Co., U.S. Cloncurry Copper Co., Australia. 

Calmet and Hecla, U.S. Roros Kobbervaerk, Norway. 

Takata & Co., Japan. 


Extract from Report for 1887 of Superintendent, El Callao 
Mining Company. 

“MILLING AND MACHINERY.” 

“ The work accomplished by 'the new mill during 1887 is quite 
“ noteworthy, sixty stamps having crushed and passed through a 
“No. 8 slot screen 61,274 tons roc ^ extracted from a gold 
“quartz mine. As far as the writer is aware, this is the best 
“milling record for crushing very hard quartz. The cost of only 
“8 francs 14 centimes a ton is also most gratifying in a mining 
“ district where cost of labour and supplies is so high. The excel - 
“ lence of this mill is not, in my opinion, due to novelty of design, 
“but rather to the care and skill displayed in its proportions and 
“ erection, the stability of its foundations, and the efficient manner 
“ in which it has been kept in repair. Its only drawback is found 
“in the engine furnishing the power, which, though most eco- 
nomical in consumption of fuel, is troublesome to keep in repair 
“ and a source of anxiety/ ’ 

The above ^ Mill is a FRASER & CHALMERS, but the 
Engine is NOT by us. 



628 WEST 16th STREET, NEW YORK. 

3 BLOCKS FROM I4TH St. STATION 9TH AYE. E. R. R. 


These Works are complete in every respect for practical testing 
of gold, silver, and concentrating ores. The machinery is arranged 
to work automatically, like in any good mill, and the various 
machines are constructed exactly like the actual working machines 
in the best modern mills. 

A working test of any given o e re in this mill will determine the 
class of machinery to be used in its treatment. 

THE MACHINERY CONSISTS OF: 

Bock Breaker, Sample Grinder, Rolls, Automatic Stamp 
Feeder, Wet Stamps, Copper Plates, Frue Vanner, 
Settling Tank, Amalgamating Pan, Settler, Leaching 
and Precipitating Tanks, Chlorination Plant, Roasting 
Furnace, Jigs, Sturtevant Mill, and Complete Assay Office. 

The use of the works is offered to engineers at reasonable 
charges, or working tests are conducted by the management at 
fixed rates. 

Ores can be practically tested by any known process, and the 
necessary plan of reduction so determined. For circulars or 
further particulars apply to 

WALTER McDERMOTT, Secretary, 

Room 43 1 90, Broadway , New York, 

ALSO 

McDermott & duffielb 

98, Bucklertbury, London, JE.C, 
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AD VERTISEMENT. 


THE FRUE VANNING MACHINE. 

Patented Dec . aa, 1874 ,\Sept. 2, 1879/ April 27, 1880 ; Feb. 20, 1883 ; and Sept. 18, 1883. 

Over 1,500 in use— 200 in California alone— accepted as the standard of 
excellence in fine concentration. 



FRUE VANNER. 

This machine is an endless inclined rubber belt supported by rollers, so as 
to form a plane inclined rubber surface 4 ft. wide, 12 ft. long, and bounded 
on the sides by rubber flanges. The belt travels up the incline and round a 
lower drum, which dips into a water tank where the mineral is collected. In 
addition to the travel of the belt, the latter receives a steady shaking or 
settling motion from a crank shaft along one side, the shake being at 
right angles to inclination and travel of belt. The ore is fed on in a stream 
of water about 3 ft. from head of belt, and flows slowly down the incline 
subjected to the steady shaking motion, which deposits the mineral on the 
belt. At the head of the belt is a row of water jets. 

The slow upward travel of the belt brings up the deposited mineral, and 
the water jets wash back the lighter sand, letting only the heavy mineral pass 
and deposit in the water tank below. The endless belt has long been 
known ; but the shaking motion and rubber belt used in the Vanner makes 
an entirely different machine, enabling a separation to be made more perfect 
than with any other machine owing to the small inclination of belt necessary 
(from in. to £ in. to foot), and very much less water than was ever before 
possible. We have a special pamphlet descriptive of this machine, which is 
now known to all mining men. 

A great number have been in use for several years, and the work done is of 
a character never before accomplished. The capacity of the machine is from 
5 to 12 tons, according to ore treated. With very fine ore containing rich 
mineral, large capacity and close work are utterly incompatible, and the cl$im 
of both for a single machine simply exhibits ignorance of practical work, 

Giving best satisfaction in every mining camp in the world — from China 
to Peru. 


General Agent : — Walter McDermott, 2, Wall Street, New York. 
Manufacturers .-—Fraser & Chalmers, Chicago. 


BOOKS ON PRACTICAL MINING, ETC . 

Published by CROSBY LOCKWOOD & SON. 


PROSPECTING FOB GOLD AND OTHEB METALS. 

JuBt published. Small Crown 8vo, 3s. 6d. cloth. 

THE PROSPECTOR’S HANDBOOK. 

A Guide for the Prospect or and Traveller in search of Metal- Bearing or other 
Valuable Minerals. 

By J. W. ANDERSON, M.A. (Camb.), F.R.G.S. 

THIRD EDITION, REVISED, WITH ADDITIONS. 

Summary op Contents. — Chapter I. Prospecting. — II. Rocks.— III. Testing Minerals 

a ' the Blowpipe. — IV. The Character of Minerals. — V. Metals and Metallic Ores ; their 
aracteristics, Testing, Occurrence, &e. — VI. Other useful Minerals and, Ores. — VII. 
Composition of Various Rocks. — VIII. Testing by the Wet Process. — IX. Assay of 
Ores. — X. Surveying, Appendix, Useful Tables, Weights, Measures, &c. — Glossary of 
Terms Used in Connection with Prospecting, Mineralogy, Assaying, 8tc., 8tc. 

“Will supply a much-felt want, especially among Colonists. The Author has placed 
his instructions before his readers in the plainest possible terms, and his book is the best of 
its kind." — Engireer. 

“How to find commercial minerals, and how to identify them when they are found, are 
the leading prints to which attention is directed. The Author has managed to pack as 
much practi'.al detail into his pages as would supply material for a book three times its 
size.” — Miting Journal . _ 


Just published. Small Crown 8vo, zs. 6d. cloth. 

NOTES AND FORMULA FOR MINING STUDENTS. 

By JOHN H. MERIVALE, M.A. 

Certificated Colliery Manager , Professor of Mining in the Durham College of Science, 
Newcastle-ufon - Tyne. 

SECOND EDITION, CABEFTTLL.Y BEVISED. 

op Contents. — Course of Study for Mining Students. — Coal Fields of Great 

tain and Ireland. — Newcastle Coal Field. — The Strength of Materials.— Timber. — 
llosives.— Machinery. — Prime Movers. — Boilers. — Transmission of Power. — Magnetism 
„ Electricity. — Search for Minerals. — Sinking. — System of Working. — Winding. — 
) Draining. — Hauling. — General Properties of «Air and Gases. — Chemistry. — The Gases. — 
Ventilation. — Examples of the Use of the Formulae, &c. 

“ Invaluable to anyone who is working up for an examination on mining subjects.” — 
Coal and Iron Trades Review. 

“ l'be author has done his work in an exceedingly creditable manner, and has produced 
a book that will be of service to students, and those who are practically engaged in mining 
operations. ” — Engineer, 

“ A vast amount of technical matter of the utmost value to mining engineers.” — School- 
master. 


Super-royal 8vo. Upwards of 950 pages with 230 Illustrations. £2 2s. cloth. 

BRITISH MINING. 

A Treatise on the History, Discovery, Practical Development and Future Prospeota of 
Metalliferous Mines in the United Kingdom. 

By ROBERT HUNT, F.R.S. 

Keeper of Mining Records ; Editor of “ Ure's Dictionaiy of Arts, Manufactures , 

Mines , &nc.” 

SECOND EDITION, BEVISED. 

One of the most valuable works of reference of modern times. Mr. Hunt, as keeper of 
mining records of the United Kingdom, has had opportunities for such a task not enjoyed 
by any one else, and has evidently made the most of them.” — Engineering. 

“ A mass of information not elsewhere available, and of the greatest value.” — Engineer. 

“ A sound, business-like collection of interesting facts. Likely to convey more instruc- 
tion upon the subject than any work hitherto published .*’ — Mining Journal. 


London: CROSBY LOCKWOOD & SON, 7, Stationers’ Hall Court, E.C. 



BOOKS ON PRACTICAL MINING, ETC. 

Published by CROSBY LOCKWOOD & SON. 


Fourth Edition, Revised, Crown 8vo. Price ias. 6d. cloth. 

A TREATISE ON 

METALLIFEROUS MINERALS AND MINING/ 

By D. 0. DAVIES, F.G.S. 

an& jfartg'dgtjt ram* (Pngra&tagtf* 

SUMMARY OF CONTENTS. % 

Materials of which the Earth is made.— Classification of the Deposits of Metalliferous 
Minerals. — Metallic Contents of Lodes. — Second, Third, and Fourth Classes of Mineral 
Deposits.— -Gold (6 chapters). — Silver (3 chapters).— Copper (6 chapters). — Tin (3 chapters). 
— Lead (4 chapters). — Zinc. — Iron ( 3 chapters). — Various Metals.— On the Discovery and 
Proving' of Mines. — On the Working of Metalliferous Mines (4 chapters). — On the 
Dressing of Metallic Ores (2 chapters). — Hydraulic Golu Mining. — Sundry Particulars 
of Work and Costs. — General Considerations. — Index. 

“The most exhaustive and most practically useful work we have seen ; the amount of 
information given is enormous. Neither the practical miner nor th.' general reader 
interested in mines can have a better book for bis companion and his guide.’* — Mining 
Journal. 

“ As a history of the present state of mining throughout the world, this book has a 
real value, and it supplies an actual want, for no such information has hitherto been 
brought together within such limited space.” — Athenaeum. 

“The volume is one which no student of mineralogy should be without.” — Colliery 
Guardian. 

“ We are doing our readers a service in calling their attention to this valuable 
Mining World. t 

1(1 a 

By the same Author, uniform with the above. Second Edition. Price 12s. 6d. In 

A TREATISE ON \ or 

EARTHY AND OTHER MINERALS AND MINIlU 

rat?) CT00& C£ngrafcui£tf. e 

SUMMARY OF CONTENTS. 

Part I. Silica — Alumina. — Lime. — Magnesia. — Glucina.— Zirconia. — Thoria. — With 
some of their combinations. Part II. Chloride ot Sodium (Common Salt).— Nitrate of 
Soda. — Borax. — Baryta. — Gypsum. — Alum Shale. — Phosphate of Lime. Part III. Carbon 
and Compounds of Carbon. — Sulphur. Part IV. Arsenic. — Cobalt. — Molybdenum. — 
Antimony and Manganese. — Classified List of Mineral Substances. 

“The book is clearly the result of many years’ careful work and thought, and we 
should be inclined to rank it among the very best of the handy technical and trades 
manuals which have recently appeared.” — British Quarterly Review. 

“ The volume contains a great mass of practical information, carefully methodised and 
presented in a very intelligible shape.” — Scotsman. 

“The subject matter of the volume will be found of high value by all — and they are a 
numerous class— who trade in earthy minerals.” — Atkenceum. 

Third Edition, by the same Author. i2mo, 3s. 6d,, cloth. 

A TREATISE ON 

SLATE AND SLATE QUARRYING, 

1 Scientific, Practical, and Commercial. 

SK&ttf) jhunereul Waa'ts engrabingrf, anXr jFofrutg $tatatf. 

“One of the best and best balanced treatises on a special subject, having, at once, 
scientific, practical, and commercial relations, that we have met with.”— Engineer. 

” Mr. Davies has written a useful and practical hand-book on an important industry, 
with all the conditions and details of which. he appears familiar.” — Engineering. 

“The work is illustrated by actual practice, and is unusually thorough and lucid.”—* 
Builder. 

London: CROSBY LOCKWOOD & SON, 7, Stationers’ Hall Court. K.C 



7, Stationers* Hall Court, London, E.C. 

January, 1 888. 


CATALOGUE OF BOOKS 

INCLUDING MANY NSW AND STANDARD WORKS IN 

ENGINEERING, MECHANICS, ARCHITECTURE, 

NATURAL AND APPLIED 80IENCE, 

INDUSTRIAL ART8, TRADE AND COMMERCE, AGRICULTURE, 
GARDENING, LAND MANAGEMENT, LAW, dc. 

PUBLISHED BY 

CROSBY LOCKWOOD & SON. 


MECHANICS, MECHANICAL ENGINEERING, etc. 


1 Manual for Tractical Engineers . 

PRACTICAL ENGINEER’S HAND-BOOK. Comprising 
k Treatise on Modern Engines and Boilers, Marine, Locomotive and Sta- 
tionary. And containing a large collection of Rules and Practical Data 
^relating to recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constituting a 
comprehensive Key to the Board of Trade and other Examinations for Certi- 
ficates of Competency in Modern Mechanical Engineering. By Walter S. 
Hutton, Civil and Mechanical Engineer, Author of “The Works* Manager’s 
Hand-book for Engineers ” &c. With upwards of 370 Illustrations. Second 
Edition, Revised with Additions. Medium 8vo, nearly 500 pp., price 18s, 
Strongly bound. [just published . 

far This work is designed as a companion to the Author's “Works* 
Manager’s Hand-book.” It possesses many new and original Statures , and con- 
tains, like its predecessor , a quantity of matter not originally intended for publica- 
tion, but collected by the author for his own use in the construction of a great variety 
of modem engineering work. 

The information is given in a condensed and concise form , and is illustrated by 
upwards of 370 Woodcuts ; and comprises a quantity of tabulated matter of great 
value torn engaged in designing, constructing, or estimating for Engines, Boilers 
and other Engineering Work. 


V Opinions op the Press, 

We hare kept it at hand for several weeks, referring to it as occasion arose, and we hare not 
on a single occasion consulted its pages without finding the information of which we were in quest” 

ood practical handbook, which no engineer can go through without learning 
e of service to him."— Marine Engimer. 

'* An excellent book of reference for engineers, and a valuable text-book for students’*? 
engineering. "—Scotsman. 

mechanical embodies the results and experience of the leading authorities on 

. "The author has collected together a surprising quantity of rules and practical data, and has 
vs. mt ich judgment in the selections he has made, . . . There is no doubt that this book is 
one of the most useful of it* kind published, and will be a very popular compendium."-. Engineer. 

** ktfp^^rion, set down in simple language, and in such a form that it can be easily 
Ted to it any ti me. The matter hi uniformly good and well chosen, and is greatly elucidated 
f Thb kook wfli find its wa^r on to most engineers’ shelves, % * 


by the! , , t , , 

one of the most useful books of reference.”' 


1, where it will rank as 


s shelf of all practice < 
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CROSBY LOCKWOOD &• SON'S CATALOGUE . 


Engineering Construction, 

PATTERN-MAKING : A Practical Treatise, embracing the Main 
Types of Engineering Construction* and including Gearing, both Hand and 
Machine made, Engine Work* Sheaves and Pulleys, Pipes and Columns, 

Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in 

Loam and Greensand, &c., together with the methods of Estimating the 
weight of Castings; to which is added an Appendix of Tables for Workshop 
Reference, By a Foreman Pattern Maker. With upwards of Three 
Hundred and Seventy Illustrations. Crown 8vo, ys. 6 d. cloth. 

“A well- written technical guide, evidently written by a man who understands and has prac- ' 
tlsed what he has written about. We cordially recommend it to engineering students, yo*r-g 
journeymen, and other* desirous of being initiated into the mysteries of pattern-making.” — Builder- , 
“ Likely to prove a welcome guide to many workmen, especially to draughtsmen who have 
lacked a training in the shops. pupUs pursuing their practical studies m our factories, and to em- 
ployers and managers In engineering works. — Hardwa re Trade Journal, 

“More than 370 illustrations help to explain the text, which is, however, always clear and ex- 
plicit, thus rendering the work an excellent t mde mecum for the apprentice who desires to become 
master of his English Mechanic, 

Dictionary of Mechanical Engineering Terms, 
LOCKWOOD’S DICTIONARY OF TERMS USED IN THE 
PRA CTICE OF MECHA NICAL ENGINEERING, embracing those current 
in the Drawing Office, Pattern Shop, Foundry, Fitting, Turning, Smith’s and 
Boiler Shops, *c. &c. Comprising upwards of 6,ooo Definitions. Edited by 
A Foreman Pattern-Maker, Author of “ Pattern Making." Crown 8vo, 
ys. 6d. cloth. fT ust published . 

“Just the sort of handy dictionary required by the various trades engaged in mechanical en- 
gineering. The practical engineering pupil will find the book of great value in his studies, and 
every foreman engineer and mechanic should have a copy."-— Euildingr News. 

“After a careful examination of the book, and trying all manner of words, we think that the 
engineer will here find all he is likely to require. It win be largely used.” — Practical Engineer. 

“ This admirable dictionary, although primarily Intended for the use of draughtsmen and other 
technical craftsmen, is of much larger value as a book of reference, and will find a ready welcome 
in many libraries. "—Glasgow Herald. 

Smith’s Tables for Mechanics, etc. 

TABLES, MEMORANDA, AND CALCULATED RESUL'IS. 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, etc. 
Selected and Arranged by Francis Smith. Fourth Edition, Revised and En- 
larged, 250 pp„ waistcoat-pocket sire, is. 6 d, limp leather. {Just published, 

“ It would, perhaps, be as difficult to make a small pocket-book selection of notes and formulas 
to suit ALL engineers as It would be to make a universal medicine ; but Mr. Smith's waistcoat- 
pocket collection may be looked upon as a successful attempt.”— Engineer. 

** The best example we have ever seen of 250 pages of useful matter packed Into the dimen- 
sions of a card-case.”— Building News. • 

“A veritable pocket treasury of knowledge.' —Iron, 

Steam Boilers. 


A TREATISE ON STEAM BOILERS: Their Strength, Con- 
struction , and Economical Working. By Robert Wilson, C.E. Fifth Edition, 
lamo, 6s. cloth. 

“The best treatise that has ever been published on steam boilers.”— Engineer, 

“The author shows himself perfect master of his subject, and we heartily recommend all em- 
ployingxtcam power to possets themselves of the work. — . Hyland's Iron Trad* Circular. 

Boiler Chimneys. 

BOILER AND FACTORY CHIMNEYS; Their Draught-Power 
and Stability. With a Chapter on Lightning Conductors, By Robert 
Wilbow, A.I.C.B., Author of 14 A Treatise on Steam Boilers," &c. Second 
Edition. Crown 8vo, 3 1. 6d. cloth. (Just published. 


Boiler Making, 

THE BOILER-MAKER’S READY RECKONER. With E*- 

amples of Practical Geometry and Templating. for the Use of Platers, 
Souths and Riveters. By John Courtney, Edited by D. K. Clark, M.LC.E. 
Sectod Edition. Revised, with Additions, izmo, 3s. half-bound, 

“ A moat useful work. , . . . No workman or apprentice should be without this book.”— 

~ * ' i^xehabie guide to the wor king boiler -maker. n —lren* 

“SoS^midMrtwill readfiyreedgnise the value of this volume. . . . The tables am dearly 
g^ te d audio arranged that they can be referred to with the greatest frdttty, so that tt cannot be 


i and. much •asta.''— Mining Journal. 



MECHANICS, MECHANICAL ENGINEERING, etc. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. With a Sup- 
plement on Gas Engines. By T. M. Goodeve, M.A., Barrister-at-Law, 
Author of “The Elements of Mechanism," &c. Ninth Edition. With 
numerous Illustrations. Crown 8vo, 6 j. cloth. 

" Professor Goodeve has given us a treatise on the steam engine which will bear comparison 
•with anything written by Huxley or Maxwell, and we can award it no higher praiae."— £>vw*/er. 
professor Goodeve's book Is ably and clearly written. It is a sound work.”— Athetutum. 

** Mr. Goodeve’s text-book is a work of which every young engineer should possess himself. 
—Mining Journal. 

'’Essentially practical In its aims. The manner of exposition leaves nothing to be desired.”— 
Scotsman. 

" a valuable vade mecutn for the student of engineering and should be in the possession of 
every scientific reader. Colliery Guardian, 

Gas Engines. 

ON GAS-ENGINES. Being a Reprint, with some Additions, of 
the Supplement to the Text-book on the Steam Engine, by T. M. Goode vb, 
M.A. Crown 8vo, as. 64. cloth. tjwri published. 

" Like all Mr. Goodeve’s writings, the present is no exception in point of general excellence. 
It is a valuable little volume.” — Mechanical World. 

“ This little book will be useful to those who desire to understand how the gas-engine works. 
—English Mechanic. 

Steam. 

THE SAFE USE OF STEAM. Containing Rules for Un- 

professional Steam-users. By an Enojmebr. Fifth Edition. Sewed, 64 . 

" If steam-users would but learn this little book by heart boiler explosions would become 
sensations by their rarity.”— English Mechanic . 

Coal a/nd Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, for 
Engineers and Steam-users, By Nelson Foley, Author of “ Boiler Con- 
struction." Pocket-size, 3 s. 6d. cloth ; 4 s. leather. 

M This Is a very useful book, containing very useful tables. The results given are well chosen* 
and the volume contains evidence that the author really understands his subject. We can recom- 
mend the work with pleasure.”— Mechanical World . 

“ These tables are designed to meet the requirements of every-day use ; they ate of sufficient 
scope for most practical purposes, and may be commended to engineers and users of steam,”— 
iron. m 

" This pocket-book well merits the attention of the practical engineer. Mr. Foley bat com- 
piled a very useful set of tables, the information contained in which is frequently required by 
engineers, coal consumers and users of steam.”— iron and Coal Trades Review. 

Eire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Management; Re- 
marks on Fire-Proof Buildings, and the Preservation of Life from Fire ; 
Statistics of the Fire Appliances in English Towns ; Foreign Fire Systems ; 
Hints on Fire Brigades, Ac. Ac. By Charles F. T. Young, C,B, With 
numerous Illustrations, 544 pp., demy 8vo, £1 4s. cloth, 

"To such of our readers as are Interested In the subject of fires and fire apparatus we can most 
heartily commend this bode. It is really the only English work we now have upon the subject”— 
Engineering. 

"It displays much evidence of carefhl research s and Mr, Young has pat his fecta* neatly 
together. It is evident enough that his acquaintance with the practical details of the constructfoe of 
engine^ old jnd new, and the conditions with which it is n ec ess a r y they should comply, 

Gus Lightings 

COMMON SENSE FOR GAS-USERS : A Catechism of Gas - 

Lighting for Householders. Gasfitters, MUlowners , Architects. Engineers, etc. 
By Robert Wilson, C.E., Author of “A Treatise on Steam Boilers. 0 
Second Edition, with Folding Plates and Wood Engravings. Crown 8vo, 
price is. in wrapper. 
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THE POPULAR WORKS OF MICHAEL RETHOLOS 

(" The Engine Driver's Friend ”> 

IrtHxymotiAie-Engine Driving. 

LOCOMOTI V E-ENGINE DRIVING : A Practical Manual for 
Engineers in charge of Locomotive Engine $. By Michael Reynolds, Membei 
of the Society of Engineers, formerly Locomotive Inspector L. B, and S.C.R. 
Eighth Edition. Including a Key to the Locomotive Engine. With Illus* 
trations and Portrait of Author. Crown 8 vo. 4 s. 6d. cloth, 

“Mr. Reynolds has supplied a want, and has supplied it welL We can confidently recommend 
the book, not only to the practical driver, but to everyone who takes an interest in the perfeemance 
of locomotive engines.”— The Engineer* 

“ Mr. Reynolds has opened a new chapter In the literature of the day. This admirable practical 
treatise, of the practical utility of which we have to speak in terms of warm commendation. 
Athenaeum. 

“ Evidently the work of one who knows his subject thoroughly.’*— Railway Service Gazette. 
“Were Hie cautions and rules given in the book to become part of the every-day working ot 
our engine-drivers, we might have fewer distressing accidents to deplore. "Scotsman. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING : A Practical Manual for 
Engineers in charge of Stationary Engines. By Michael Reynolds. Third 
Edition, Enlarged, with Plates and Woodcuts. Crown 8vo, 45. 6d. cloth. 
“The author is thoroughly acquainted with his subjects, and his advice on the various points 
treated Is clear and practical. ... He has produced a manual which is an exceedingly useful 
one for the class for whom it is specially intended '''—Engineering. 

“ Our author leaves no stone unturned. He is determined that his readers shall not only know 
something about the stationary engine, but all about it.”— Engineer. 

“Anenginemanwho has mastered the contents of Mr. Reynolds's bookwfil require but little actual 
experience with boilers and engines before he can be trusted to look after them.”— English Mechanic 

The Engineer, Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 
ENGINE-BOY. Comprising a Historical Notice of the Pioneer Locomotive 
Engines and their Inventors. By Michael Reynolds. With numerous Illus- 
trations and a fine Portrait of George Stephenson. Crown 8 vo, 4 s. fid. cloth. 
" From the technical knowledge of the author It will appeal to the railway man of to-day more 
forcibly than anything written by Dr. Smiles. . . . The volume contains information of a tech- 
nical kind and tacts that every driver should be familiar with. "-—English Mechanic. 

“We should be glad to see this book in the possession of everyone in the kingdom who has 
ever laid, or is to fay, hands on a locomotive engine.”— Iron. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES: A Practical Treatise on 

the several Systems in Use in the United Kingdom; their Construction and 
Performance. With copious Illustrations and numerous Tables. By Michael 
Reynolds. Large crown 8 vo, 9 s. cloth. 

“A popular explanation of the different brakes. It will be of great assistance in forming public 
opinion, ^and will be studied with benefit by those who take an Interest in the brake.**— English 

“Written with sufficient technical detail to enable the principle and relative connection of the 
various parts of each particular brake to be readily grasped.”— Mechanical World . 

Engine-Driving Life. 

ENGINE-DRIVING LIFE; or, Stirring Adventures and Inci- 
dents in the Lives of Locomotive-Engine Drivers . By Michael Reynolds. 
Ninth Thousand. Crown 8 vo. «. cloth. 

“From first to last is perfectly fascinating. Wilkie Collins’s most thrilling conceptions are thrown 
fate rise shade by true incidents, endless in their variety, related in every page.”— Aw** British Mail. 

“Anyone who wishes to get a real insight into railway life cannot do better than read * Engine- 
Driving Life ’ for himself ; and If he once take it up he will find that the author's enthusiasm and real 
love of the engine-driving prettbssionwifi carry him on till he has read every psga."— Saturday Rcsuw. 

Docket Companion far Enginemen. 

THE ENGINEMA N’S POCKET COMPANION AND PRAC- 
TICAL EDUCATOR FOR ENGINEMEN, BOILER ATTENDANTS. 
AND MECHANICS. By Michael Reynolds. With Forty-five Illustra- 
- dona and numerous Diagrams. Second Edition, Revised. Royal x 8 mo, «. 64, t 
strongly bound for pocket wear. \Jmt ptmithed. 

“This admirable work k well suitedto accomplish its object, being the honest workmanship Of 

and practical form alt the information an engine- 

c principles of Ms daily calling wOttU 1 filler. 

M A boon to those who are striving to become efficient mechanics, Chronicle. 
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French-English Glossary for Engineers, etc . 

A POCKET GLOSSARY of TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH ; with Tables writable for the Architectural, 
Engineering, Manufacturing and Nautical Professions, By John James 
Fletcher, Engineer and Surveyor ; 200 pp. Waistcoat-pocket sire, is. 6d., 
limp leather. 

“ it ought certainly to be In the waistcoat-pocket of every professional man. — Iron . 

‘•It is a very great advantage for readers and correspondents In France and England to have 
so large a number of the words relating to engineering and manufacturers collected In a Uliputian 
volume. The little book will be useful both to students and travellers.'’— Architect. 

“ The glossary of terms is very complete, and many of the tables are new and well arranged. 
We cordially commend the book Mechanical World. 

Portable Engines . 

THE PORTABLE ENGINE ; ITS CONSTRUCTION AND 
MANAGEMENT. A Practical Manual for Owners and Users of Steam 
Engines generally. By William Dyson Wansbrough, With go Illustra- 
tions. Crown 8vo, 3s. 6d. cloth. [Just published. 

“ This i« a work of value to those who use steam machinery. . . . Should be read by every- 
one who has a steam engine, on a farm or elsewhere ."— Mark Lane Express. 

“ We cordially commend this work to buyers and owners of steam engines, and to those who 
have to do with their construction or use."— Timber Trades Journal. 

“ Such a general knowledge of the steam engine as Mr. Wans b rough furnishes to the reader 
should be acquired by all intelligent owners and others who use the steam engine."—, Building News. 
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MR. HUMBER'S IMPORTANT ENGINEERING BOOM. 


The Water Supply of Cities and Towns . 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
OF CITIES AND TOWNS . By William Humber, A-M. Inst. C.E., and 
M. Inst, M.E., Author of “ Cast and Wrought Iron Bridge Construction,” 
So. &c. Illustrated with 50 Double Plates, 1 Single Plate, Coloured 
Frontispiece, and upwards of 250 Woodcuts, and containing 400 pages of 
Text. Imp. 4to, £6 6s. elegantly and substantially half-bound in morocco. 

List of Contents. 

I. Historical Sketch of some of the mea$i» Conduits.— XIII, Distribution of Water,— XIV. 

that have been adopted for the Supply of Water Meters, Service Pipes, and House Fittings.— 

to Cities and Towns.— II. Water and the Fo- XV. The Law and Economy of Water Works, 

reign Matter usually associated with it.— III. XVI < Constant and Intermittent Supply.— 

RamfUl end Evaporation.— IV. Springs and XVII. Description of Plates. — Appendices, 

the water-bearing formations of various dis* giving Tables of Rates of Supply, Velocities, 

tricts,— V. Measurement and Estimation of the See, &c., together with Specifications of several 

flow of Water — VI. On the Selection of the Works illustrated, among which will be found : 

Source of Supply/— VII, Wells.— VIII. Reser- Aberdeen, Bidefora, u«nceruury, ouuuec. 

voirs.— IX, The Purification of Water.— X. Halifax, Lambeth, Rotherham, Dublin, and 

Pumps. — XL Pumping Machinery. — XII. others. 

“ The most systematic and valuable work upon water supply hitherto produced In English, or 
fat any other language. . . . Mr. Humber's work is characterised almost throughout by an 
exhaustiveness much more distinctive of French and German than of English technical treatises.” 
—Engineer. 

‘ r Wa can congratulate Mr. Humber on having been able to give so large an amount of infor. 
mation on a subject so important as the water supply of cities and towns. The plates, fifty In 
number, are mostly drawings of executed works, ana alone would have commanded the attention 
of every engineer whose practice may lie In this branch of the profession/*— Builder. 


Cast and Wrought Iron Bridge Construction . 

A COMPLETE AND PRACTICAL TREATISE ON CAST 


vised and much improved, with 113 Double Plates (20 of which now first 
appear in this edition), and numerous Additions to the Text In Two Vdls., 
*mp. gto, £6 half bound in morocco. 

“A very valuable contribution to the standard literature of chU engineering. In addition to 
auevafioM, plans and sections, large scale details are given which very much enhance the instruc- 
tive worth of these illustrations /— Engineer and Architect's 
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MR. HUMBER’S GREAT WORK OH MOOERH EHQfNEERfHS. 


Complete in Four Volumes, imperial 4to, price £ia i as., half-morooco. Bach 
Volume sold separately as follows 

A RECORD OF THE PROGRESS OF MODERN ENGINEER- 
ING. First Series. Comprising Civil, Mechanical, Marine, Hydraulic, 
Railway, Bridge, and other Engineering Works, See. By William Humber, 
A-M. Inst. C.E., Sec. Imp. 4to, with 36 Double Plates, drawn to a large scale, 
Photographic Portrait of John Hawkshaw, C.E., F.R.S., &c., and copious 
descriptive Letterpress, Specifications, &c., £3 3 1. half-morocco. 

List of the Plates and Diagrams. 

Victoria Station and Roof, L. B. & S. C. R. Thames, West London Extension Railway (S 
plates); Southport Pier (a plates); Victoria plates) ; Armour Plates; Suspension Brirajo, 

and Roof; L. C. St D. and G. W. R. (6 Thames (4 plates); The Allen Engine; Sut* 

Roof of Cremome Music Hall ; Bridge pension Bridge, Avon (3 plates); Underground 
N. Railway ; Roof of Station, Dutch Railway (3 plates). 

Rail (3 plates) ; Bridge over the 
** Handsomely lithographed and printed. It will find flavour with many who desire to preserve 
In a permanent form copies of the plans and specifications prepared for the guidance of the con- 
tractors for many important engineering works.” — Engineer, 

HUMBER'S RECORD OF MODERN ENGINEERING . Second 
Series. Imp. ato, with 36 Double Plates, Photographic Portrait of Robert 
Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letterpress, 
Specifications, See., £3 3 s. half-morocco. 

List of the Plates and Diagrams. 

Birkenhead Docks, Low Water Basin (xj and Abergavenny Railway; Ebbw Viaduct, 

plates); Charing Cross Station Roof, C. C. Merthyr, Tredegar, and Abergavenny Rail* 

Railway (3 plates) ; Digswell Viaduct, Great way ; College Wood Viaduct Cornwall Rail- 

Northern Railway: Robbery Wood Viaduct, way; Dublin Winter Palace Roof (3 plates) ; 

Great Northern Railway ; Iron Permanent Bridge over the Thames, L, C. St D. Railway 

Way; Clydach Viaduct, Merthyr, Tredegar, (6 plates ) ; Albert Harbour, Greenock <4 plates). 

“ Mr. Humber has done the profession good and true service, by the fine collection of examples 
he has here brought before the profession and the public ."— Practical Mechanic f * Journal. 

HUMBER’S RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Photographic Portrait of J. R. 
M‘ Clean, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci- 
fications, See., £3 3s. half-morocco. 


plates); 
over G. 
Rhenish 


Main Drainage, metropolis .— North 


List of the Plates and Diagrams. 


Sewer, Reservoir and Outlet (4 plates) ; Outfkll 
Sewer, Filth Hoist ; Sections of Sewers (North 
and South Sides). 

THAMES EMBANKMENT.— Section of River 
Wall ; Steamboat Pier, Westminster (a plates): 
Landing Stairs between Charing Cross and 


Waterloo „ 

flow and Outlet 


1); Over- 
fa plates); 


Side .— Map showing interception of Sewers; 

Middle Level Sewer (2 plates) ; Outfall Sewer, 

Bridge over River Lea (3 plates) ; Outfall Sewer, , 

Bridge over Marsh Lane, North Woolwich 
Rahway, and Bow and Barking Railway Junc- 
tion; Outfall Sewer, Bridge over Bow and 
Barking Railway (3 plates); Outfall Sewer, 

Bridge over East London Waterworks' Feeder 
(3 pistes) ; Outfall Sewer, Reservoir (2 plates); 

Outfall Sewer, Tumbling Bay and Outiet ; Out- 
fall Sewer, Penstocks. South £*<*.— Outfall 
Sewer, Bermondsey Branch (a plates); Outfall 

41 The drawings have a constantly increasing value, and whoever desires to t 

sentations of the two great works carried out by our Metropolitan Board will obtain 
volume.*— Engineer. 

HUMBER’S RECORD OF MODERN ENGINEERING . Fourth 
Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of John 
Fowler, late Pres, lust. C.E., and copious descriptive Letterpress, Speci- 
fications, &c. f £3 3s. half-morocco. 


Steamboat Pier, Waterloo Bridge (3 plates); 
Junction of Sewers, Plans and Sections; 
Gullies, Plans and Sections; Rolling Stock 
Granite and Iron Forts. 


List of the Plates and Diagrams. 

Mesopotamia ; 


. Viaduct over theJMver Wj 
Midland Railw&i 

duct, Cornwall 1 „ 

Ivon Cylinder for Diving 


nr the River Wye, 
; St. Germans Via* 




Abbey MiBs Pumping Station, Main Drain- 
age, Metropolis (4 plates); Barrow pocks U 
pLtes) ; Menquis viaduct, Santiago and Vat 
(Ntsei'-o Railway (a plates); Adam’s Locomo- 
tive, St Helen’s Canal Rahway (a plates) ; 

Cannon Street Station Roof Charing Cross 
Rahway (3 P&fos) ; Road Bridge over the River 
Moka ft pistes); Telegraphic Apparatus for 
« 4 We gladly welcome « 

Mr. Humber. The accurst 

ness in giving the measure _ ^ __ „ _ 

carried out by the most eminent men In the profession, - cannot be too highly prised.*— 


{6 plates); MSroy's Patent Excavator; Metre- 
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MR. HUMBER'S ENGINEERING BOOKS— continued. 

Strains, Calculation of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 
IN GIRDERS AND SIMILAR STR VCTVRES, AND THEIR STRENGTH. 
Consisting of Formulae and Corresponding Diagrams, with numerous details 
for Practical Application, Ac. By William Humber, A*M. Inst, C.B., Ac, 
Fourth Edition. Crown 8vo, nearly ioo Woodcuts ana 3 Plates, 71. 64. cloth. 
'The formulae are neatly expressed, and the diagrams ZtxAT—Athenttwm. 

“ We heartily commend this reeUy handy book to our engineer and architect readers.*— 
tUh Mechanic. 

Barlow’s Strength of Materials, enlarged by Humber 
A TREATISE ON THE STRENGTH OF MATERIALS; 
with Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, Ac. By Peter Barlow. F.R.S. A New Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added. Experiments by Hodgkinson, Fairbairn, and Kirkaldy; and 
Formulas for Calculating Girders, &c. Arranged and Edited by W. Humber, 
A-M. Inst. C.E. Demy 8vo, 400 pp., with 19 large Plates and numerous 
Woodcuts, z 8s. cloth. 

“ Valuable alike to the student, tyro, and the experienced practitioner, it will always rank in 
future, as it has hitherto done, as the standard treatise on that particular subject."— 

*' There is no greater authority than Barlow."— Building" News . 

" Deserves a foremost place on the bookshelves of every civil engineer .”— Engltsh Mtchanic, 

Trigonometrical Surveying . 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geographical and 
Topographical Maps and Plans , Military Reconnaissance , Levelling , &c. t with 
Useful Problems, Formulas, and Tables. By Lieut.-General From*, R,E. 
Fourth Edition, Revised and partly Re-written by Major General Sir Charles 
Warren, G.C.M.G., R.E. with 19 Plates and 115 Woodcuts, royal 8vo, j6j. 
cloth. 

" The simple fact that a, fourth edition has been called for is the best test i m on y to its merits. 
No words of praise from us can strengthen the position so well and so steadily maintained by this 
work. Sir Charles Warren has revised the entire work, and made such additions as were necessary 
to bring every portion of the contents up to the present dat Broad Arrow, 

Oblique Bridges* 

A PRACTICAL AND THEORETICAL ESSAY ON QBLIQUE 
BRIDGES. With iq large Plates* By the late George Watson Buck, 
M.l.C.E. Third Edition, revised by his Son, J. H, Watson Buck, M.I.C.E. ; 
and with the addition of Description to Diagrams for Facilitating the Con- 
struction of Oblique Bridges, by W. H. Barlow, M.l.C.E. Royal Bvo, 12s. 
cloth. 

•‘The standard text-book for all engineers regarding skew arches is Mr. Buck’s treatise, and it 
would be impossible to consult a better?’— Engineer. 

*'Mr, Buck’s treatise is recognised as a standard text-book, and his treatment has divested the 
subject of many of the intricacies supposed to belong to it. Asa guide to the engineer and archi- 
tect, on a confessedly difficult subject, Mr. Buck’s work is unsurpassed. ‘ '—Building News, 

Bridge Construction. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC - 

TION OF MASONRY, TIMBER, AND IRON. Consisting of 46 Plata, from 
the Contract Drawings or Admeasurement of Select Works. By W. D. 
Haskoll C.E. Second Edition, with the addition of 554 Estimates, and the 
Practice of Setting out Works. Illustrated with 6 pages of Diagrams. lap. 

- 4to, £2 ns. 64. halt-morocco. 

’lA, WOTk6f th * Present nature by a man of Mr. HaskoB's experience must prove Invaluable. 
The tables of estimates will considerably enhance its value.’’— Engineering, 

EarthworJc. 

EARTHWORK TABLES. Showing the Contents in Cubic 
of Embankment., Cutting., &c„ of Height, or Depth, np to an average 
m 80 feet. By Joseph Broadbent, C.E., and Francis Campin, C.E, Crown 
8v6,3«. cloth. 
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Statics, Graphic and Analytic . 

GRAPHIC AND ANALYTIC STATICS.in their Practical Appli- 
cation to the Treatment of Stresses in RoofSt Solid Girders, Lattice, Bowstring 
wed Suspension Bridges , Braced Iron Arches and Piers , and other Frameworks 


vised and Enlarged. 8vo, 1 6s. cloth. 

“ Mr. Graham's book will find a place wherever graphic and analytic statics are used or studied. 
— Engineer. 

“ This exhaustive treatise is admirably adapted for the architect and engineer, and will tend 
, to wean the profession from a tedious ana laboured mode of calculation.” —Building News, * 

“ The work is excellent from a practical point of view, and has evidently been prepared with 
much care. The directions for working are ample, and are illustrated by an abundance of well* 
selected examples. It is an excellent text-book for the practical draughtsman”-— tArmrwm, 

Survey Practice. 

AID TO SURVEY PRACTICE , for Reference in Surveying , LeveU 
ling , Setting- out and in Route Surveys of Travellers by Land and Sea. With 
Tholes, Illustrations, and Records. By Lowis D’A. Jackson, A.M.I.C.E., 
Author of “Hydraulic Manual,” “Modern Metrology,” «e. Large crown 8vo, 
izs.6d. cloth. 

44 Mr. Jackson has produced a valuable vade-mecum for the surveyor. We can recommend 
this book as containing an admirable supplement to the teaching of the accomplished surveyor."— 
Atketueum. 

44 As a text-book we should advise all surveyors to place it in their libraries, and study well the 
matured instructions afforded in its pages.” — Colliery Guardian. 

4 * The author brings to his work a fortunate union of theory and practical experience which, 
aided by a clear and lucid style of writing, readers the book a very useful one."— Builder. 

Surveying, Land and Marine. 

LAND AND MARINE SURVEYING, in Reference to the Pre- 
paration of Plans for Roads and Railways ; Canals, Rivers, Towns* Water 
Supplies: Docks and Harbours. With Description and Use of Surveying 
Instruments. By W. Davis Haskoll, C.E., Author of “ Bridge and Viaduct 
Construction,” &c. Second Edition, Revised, with Additions. Large crown 
fivo, 95. cloth. 

•* A most useful and well arranged book for the aid of a student. We can strongly recommend 
it as a carefully written and valuable text-book. It enjoys a well- deserved repute among surveyors." 
— Builder . 

44 This volume cannot fail to prove of the utmost practical utility. It may be safely recommended 
to all students who aspire to become clean and expert surveyors .”— Mining Journal. 


A TREATISE ON THE PRINCIPLES AND PRACTICE OF 
LEVELLING. Showing its Application to pmposes of Railway and Civil 
Engineering, in the Construction of Roads; with Mr. Telford’s Rules for the 
-same. By Frederick W. Simms, F.G.S., M. Inst. C.E. Seventh Edition, with 
the addition of Law’s Practical Examples for Setting-out Railway Curves, and 
Trautwine’s Field Practice of Laymg-out Circular Curve*. With 7 Plates 
and numerous Woodcuts, 8vo, 8s. 64 . cloth. \* Trautwinb on Curves 
may be had separate, $s. 

“ The text-book on levelling in most of our engineering schools and colleges."— A _ 

“ The publishers hare rendered a substantial service to the profession, especially to the younger 
embers, by bringing -out the present edition of Mr. Simms's useful work."— Engineering. 


Tunnelling. 

PRACTICAL TUNNELLING. Explaining in detail the Setting, 
out of the works, Shaft-sinking and Heading-driving, Ranging the Lines and 
Levelling underground, Sub-Excavating, Timbering, and the Construction 
of the Brickwork of Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick w* Simms, F.G.S., 
M. Inst C.E. Third Edition, Revised and Extended by D« Kin near Clark* 
M . Inst. C.E. Imp. 8vo, with ax Folding Plates and numerous Wood Engrav- 
lng% 301. doth. 

'•The estimation in which Mr. Simms's book has been held for over thirty years cannot be more 


44 The additional chapters by Mr. Clark, containing aa they do 
practice, bnng the book weU up to date, 


numerous samples of mod*** 
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Meat, Expansion by. 

EXPANSION OF STRUCTURES BY HEAT. By John 
Kexly, C.E., late of the Indian Public Works and Victorian Railway Depart- 
ments. Crown 8vo, 3s. 6d. cloth. [Just published. 

Summary of Contents. 

Section I. Formulas and Data. Section VI. Mechanical Force of 
S ection II. Metal Bars. Heat. 

Section III. Simple Frames. Section VII. Work of Expansion 

Section IV. Complex Frames i and and Contraction. 

Plates. Section VIII. Suspension Bridges. 

Section V. Thermal Conductivity. Section IX. Masonry Structures. 

“ The aim the author hat set before him, viz., to show the effects of heat upon metallic and 
other structures, is a laudable one, for this is a branch of physics upon which the engineer or archi- 
tect can find but little reliable and comprehensive data in books."— Builder. 

“ Whoever is concerned to know the effect of changes of temperature on such 'structures as 
suspension bridges and the like, could not do better than consult Mr. Keily’s valuable and handy 
exposition of the geometrical principles involved in these changes," — Scotstfran. 

Practical Mathematics . 

MATHEMATICS FOR PRACTICAL MEN: Being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly for the use 
of Civil Engineers, Architects and Surveyors. By Olinthus Gregory, 
LL.D., F.R.A.S., Enlarged by Henry Law. C.E. 4th Edition, carefully 
Revised by J. R. Young, formerly Professor of Mathematics, Belfast College* 
With 13 Plates, fcvo, £ 1 is., cloth. 

tnatl 

ex amp] 

“ One of the most serviceable boots for practical mechanics. , . . It is an instructive book 
for the student, and a text-hook for him who, having once mastered the subjects it treats of, needs 
occasionally to refresh his memory upon them." — Building New. 

Hydraulic Tables. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAS 

for finding the Discharge of Water from Orifices , Notches , Weirs, Pipes, and 
Rivers. With New Formulas, Tables, and General Information on Rainfall* 
Catchment-Basins, Drainage, Sewerage. Water Supply for Towns and Mill 
Power. By John Neville, Civil Engineer, M.R.I.A. Third Edition, care- 
fully revised, with considerable Additions. Numerous Illustrations. Crown 
8vo, 14s. cloth. 


which is displayed from first to last, the book will be found to be an acquisition.*— Architect. 

River Engineering. 

RIVER BARS : The Casses of their Formation, and their Treatment 
by 14 Induced Tidal Scour. " With a Description of the Successful Reduction 
by this Method of the Bar at Dublin. By I. J. Mann, Assist. Eng. to the 
Dublin Port and Docks Board. Royal 8vo, 75 . 64. cloth. 

41 We recommend all interested in harbour works— and, indeed, those concerned In the Improve- 
ments of rivers generally— to read Mr. Mann’s interesting work."— Engineer. 

44 A most valuable contribution to the history of this branch of engineering. ' '-—Engineering 
and Mining Journal, 

Hydraulics. 

HYDRA ULIC It A N.UA L. Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations add Field 
Operations. By Lowis D’A. Jackson, Author of " Aid to Survey Practice/' 
‘'Modem Metrology/' &c. Fourth Edition. Rewritten and Enlarged. 
Large crown 8vo* i«. cloth. 

44 The author has been a careful observer of the facts which have come under hls notice, a a 
wren as a painstaking collector and critic of the results of the experiments of others, and from the 
great mass of material at his command he has constructed a manual which may be accepted as a 
writworthy guide to this branch of the engineer’s profession. ’ '—Engineering. 

‘ The standard work in this department of mechanics. The present edition has been brought 
sbwegt « the most recent pmtticc,"— $c<****a*. 

/'The most u***ftd feature of this work Is its freedom from what is superannuated, and it* 
recent experiments ; the text Is, intact, in great part a short accouutof the 
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Drainage* 

ON THE DRAINAGE OF LANDS , TOWNS AND BUILD - 

IHGS. By G. D. Dempsey, C.E., Author of u The Practical Railway En- 
gineer,” *c. Revised, with large Additions on Recent Practice in 
Drainage Engineering, by D. Kinnear Clark, M.Inst. C.E. Author of 
“ Tramways : their Construction and Working,” “ A Manual of Rules, Tables, 
and Data tor Mechanical Engineers,” &c. &c. Crown 8vo, ys. 6d. cloth. 

pfMst Published* 

44 The new matter edited to Mr, Dempsey's excellent work Is characterised by the comprehen- 
sive grasp and accuracy of detail for which the name of Mr. D. K. Clark is a sufficient voucher.’’— 
Athenaum. a 

, 44 As a work on recent practice in drainage engineering, the book is to be commended to all 
who are making that branch of engineering science their special study." — Iron. 

“A comprehensive manual on drainage engineering, and a useful introduction to the student." 
Building News. 

Tramways and their Working. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 
Embracing a Comprehensive History of the System : with an exhaustive 
Analysis of the various Modes of Traction, including Horse-Power. Steam, 
Heated Water, and Compressed Air ; a Description of the Varieties of Rolling 
Stock: and ample Details of Cost and Working Expenses: the Progress 
recently made in Tramway Construction, &c. &c. By D. Kinnear Clark, 
M. Inst. C.E. With over 200 Wood Engravings, and 13 Folding Plates. Two 
VoK, large crown 8vo, 30s. cloth. 

0 All interested in tramways must refer to it, as all railway engineers have turned to the author’s 
work 1 Railway Machinery.’ "—Engineer. 

44 An exhaustive and practical work on tramways. In which the history of this kind of locomo- 
tion. and a description and cost of the various modes of laying tramways, are to be found.’’ — 
Building News. 

*' The best form of rails, the best mode of construction, and the best mechanical appliances 
sue so fairly indicated in the work under review, that any engineer about to construct a tramway 
will be enabled at once to obtain the practical information which will be of most service to him.”— 
Athenaum. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF 
OBLIQUE ARCHES. By John Hart. Third Edition, with Plates. Im- 
perial Bvo, 8s. cloth. 

Curves, Tables for Setting-out * 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES 
for Setting-out Curves from 5 to 200 Radius. By Alexander Beaxeley, 
m. Inst. C.E. Third Edition. Printed on 48 Caras, and sold in a cloth box, 
waistcoat-pocket size, 3 s. 6 d. ' 

41 Each table 1$ printed on a small card, which, being placed on the theodolite, leaves the hands 
free to manipulate the instrument— no small advantage as regards the rapidity of work.” — Em£ ineer. 

“Very handy ; a man may know that all his day’s work must fall on two of these cards, which 
he puts into his own card-case, and leaves the rest behind.’’— Athenaum. 

Engineering Fieldwork* 

THE PRACTICE OF ENGINEERING FIELDWORK , applied 
to Land and Hydraulic , Hydrographic , and Submarine Surveying and Levelling. 
Second Edition, Revised, with considerable Additions, ana a Supplement on 
Waterworks, Sewers, Sewage, and Irrigation. By W. Davis Haskoll, C.E. 
Numerous Folding Plates. In One Volume, demy 8vo, £1 5 s. cloth. 

Tunnel Shafts * 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS : A 
Practical and Theoretical Essay. By J. H. Watson Buck, M. Inst C.B.* 
Resident Engineer, London and North-Western Railway. Illustrated with 
Folding Plates, royal 8vo, 12s. cloth. 

44 Many of the methods given are of extreme practical value to the mason ; and the observations 
on the form of arch, the rules for ordering the stone, and the construction of the templates wig be 
found of considerable use. We commend the book to the engineering p refossion. "—Building Newt. 

4 ’ Will be regarded by civil engineers as of the utmost value, ana calculated to save much time 
and obviafo many mistakes. Colliery Guardian. 

Girders* Strength of. 

GRAPHIC TABLE FOR FACILITATING THE COMPUTA- 
TION OF THE WEIGHTS OF WROUGHT IRON AND STBBL 
GIRDERS, etc., (or Parliamentary and other Estimate*. By J. H. Watson 
Bvca, M. Inst. C.E On a Sheet, a».M, 
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Trusses. 

TRUSSES OF WOOD AND IRON. Practical Applications of 

Science in Determining the Stresses, Breaking Weights, Safe Loads, Scantlings, 
and Details of Construction . with Complete Working Drawings. By Willi ah 
Griffiths, Surveyor, Assistant Master, Tranmere School of Science and 
Art. Oblong 8vo, 4 s. 6 d, cloth. 

“ This handy little book enters so minutely into every detail connected with the construction of 
roof trusses, that no student need be Ignorant of these matters for want of an easy source to come 
at the knowledge. "—Practical Engineer. 

“From the manner of treating the subject, Mr. Griffiths’ book Is clear enough to enable a 
student to be his own teacher. It will be useful in the science school and in workshops. "—A rchitect. 

Bailway Working. 

SAFE RAILWAY WORKING. A Treatise on Railway Acci- 
dents : Their Cause and Prevention ; with a Description of Modern Appliances 
and Systems. By Clement E. Stretton, C.E., Vice-President '"and Con- 
sulting Engineer, Amalgamated Society of Railway Servants. With Illus- 
trations ana Coloured Plates, crown 8vo, 43. 64. strongly bound. 

Outline of Contents. 

Chapter I. Summary of Accidents, 1885.— II. Permanent Way.— III. Sig- 
nalling; Block System.— IV. Continuous Brakes.— V. Breaking of Rail- 
way Axles.— VI. Railway Couplings.— VII. Railway Servants and the Law 
of Manslaughter. — Appendix I. Railway Traffic Returns. — II. Railway 
Signal Returns. — III. Continuous Brakes Returns.— IV. Mixed Trains. 

V* Opinions oe the Press. 

•* A book for the engineer, the directors, the managers ; and, in short, all who wish for informa- 
tion on railway matters will find a perfect encyclopedia in • Safe Railway Working.’ Railway 
Review . 

"Mr. Clement E. Stretton, the energetic Vice-President of the Amalgamated Society of Rail- 
way Servants, may be congratulated on having collected, in a very convenient f6rm, much valuable 
information on the principal questions affecting the safe working of railways.”— Railway Engineer. 

“ We commend the remarks on railway signalling to all railway managers, especially where a 
uniform code and practice is advocated.”— Herepath's Railway Journal. 

Field-Book for Engineers. 

THE ENGINEER’S, MINING SURVEYOR'S, AND CON - 
TRACTOR*S FIELD-BOOK. Consisting of a Series of Tables, with Rules, 
Explanations of Systems, and use of Theodolite for Traverse Surveying and 
Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum,and Plotting Sections in the ordinary manner ; setting-out 
Curves with the Theodolite by Tangential Angles and Multiples, with Right 
and Left-hand Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Angles by sets of Tangents and Off- 
sets : and Earthwork Tables to 80 feet deep, calculated for every 6 inches in 
depth. By W. Davis Haskoll, C.E. With numerous Woodcuts. Fourth 
Edition, Enlarged. Crown 8vo, 12s. cloth. 

“The book is very handy, and the author might have added that the separate tables of sines 
and tangents to every minute will make it useful for many other purposes, the genuine traverse 
tables existing all the same. vff thenseu m . 

"Every person engaged in engineering field operations will estimate the Importance of such a 
work and the amount of valuable tune which will be saved by reference to a set of reliable tables 
prepared with the accuracy and fulness of those given in this v olum®. ’ Railway News. 

Earthwork f Measurement of. 

A MANUAL ON EARTHWORK . By Alex, J. S. Graham, 
C.E, With numerous Diagrams. z8mo, as. 6d. cloth. 

"A great amount of practical information, very admirably arranged, and available for rough 
estimates, as well as for the more exact calculations required in the engineer’s and contractor’s 

Strains in Ironwork. 

THE STRAINS ON STRUCTURES OF IRONWORK; with 
Practical Remarks on Iron Construction, By F. W. Sheilds, M. Inst. C.E. 
Second Edition, with 5 Plates. Royal 8vo, 53. cloth. 

"The student cannot find a better little book on this subject. n — Engineer. 

Cast Iron a/nd other Metals , Strength of, 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS. By Thom*. Tbbdoold, C.E. Fifth 
Edition, including Hodqkikson’s Experimental Rew*rche», 8vo, us. cloth. 
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ARCHITECTURE, BUILDING, etc. 
Construction. 

THE SCIENCE OF BUILDING : An Elemtntaty Treatise on . 
the Principles of Construction . By E. Wyndham Tarn, M.A., Architect 
Second Edition, Revised, with 58 Engravings. Crown 8vo, 7$. 6d. cloth. 

** A very valuable book, which we strongly recommend to all students." — Builder. 

" No architectural student should be without this handbook of constructional knowledge.”— 
Architect. * 

Villa Architecture. 

A HANDY BOOK OF VILLA ARCHITECTURE : Being a 
Series of Designs for Villa Residences in various Styles. With Outline 
Specifications and Estimates. By C. Wickks, Architect, Author of 41 The 
Spires and Towers of England,” Ac. 61 Plates, 4to, £1 11 s. 6d. half-morocco, 
gilt edges. 

" The whole of die designs bear evidence of their being the work of an artistic architect; and 
they will prove very valuable and suggestive."— Building News. 


Text-Book for Architects. 

THE ARCHITECTS GUIDE: Being a Text-Book of Useful 
Information for Architects, Engineers , Surveyors, Contractors, Clerks of 
Works , &c . &c. By Frederick Rogers, Architect, Author of 44 Specifica- 
tions for Practical Architecture,” &c. Second Edition, Revised and Enlarged. 
With numerous Illustrations. Crown 8vo, 6s. cloth. 

"As a text-book of uscfUl information for architects, engineers, surveyors, dec., it would be 
turd to find a handier or more complete little volume.” — Standard. 

"A young architect could hardly have a better guide-book.”— Timber Trades Journal. 

Taylor and Cresy’s Borne. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.R.I.B.A., and Edward Crbby, Esq. New 
Edition, thoroughly revised by the Rev. Alexander Taylor, M.A.fson of 
the late G. L, Taylor, Esq.), Fellow of Queen’s College, Oxford, and Chap* 
lain of Gray's Inn. Large folio, with 130 Plates, half-bound, £$ 3 s. 

N.B. — This is the only book which gives on a large scale, and with the precision 
of architectural measurement , the principal Monuments of Ancient Rome in plan, 
elevation, and detail. 

"Taylor and Cresy‘s work has from its first publication been ranked among those professional 
books which cannot be bettered. . . . Zt would be difficult to find examples of drawings, even 
among those of the most painstaking students of Gothic, more thoroughly worked out than art the 
one hundred and thirty plates in this volume.”— rchitect. 

Architectural Drawing. 

PRACTICAL RULES ON DRA WING, for the Operative Builder 
and Young Student in Architecture. By George Pyne. With 14 Plates, 4to, 
7s. 6 d. boards. 

Civil Architecture. 


THE DECORATIVE PART OF CIVIL ARCHITECTURE . 

By Sir William Chambers, F.R.S. With Illustrations, Notes, and an 
Examination of Grecian Architecture, by Joseph Gwilt, F.SJL Edited by 
W. H. Leeds. 66 Plates, 4to, sis. cloth. 


House Building and Repairing. 

THfi HOUSE-OWNER'S ESTIMATOR ; or, What will it Coat 
*0 Build, Alter, or Repair? A Price Book adapted to the Use of Unpro- 
fessional People, as well as for the Architectural Surveyor and Builder. By 
the late Jambs D. Simon, A.R.I.B.A. Edited and Revised by Francis T. w. 
Miller, A.R.LB.A. With numerous Illustrations. Third Edition, Revised. 
Crown 8vo, 3s. 6 d. cloth. 

" In two years it will repay its cost a hundred times over”— Field, 

" A very handy book.”— £ ngtis h Mechanic. 
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Designing, Measuring, and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING AND VALUING ARTIFICERS’ WORKS. Containing Directions for 
t aking Dimensions, Abstracting the same, and bringing the Quantities into 
Bill, with Tables of Constants, and copious Memoranda for the Valuation of 
Labour and Materials in the respective TradeB of Bricklayer and Slater, 
Carpenter and Joiner, Painter and Glazier, Paper hanger, &c. With 8 Plates 
and 63 Woodcuts. Originally edited by Edward Dobson, Architect. Fifth 
Edition, Revised, with considerable Additions on Mensuration and Construc- 
tion, and a New Chapter on Dilapidations, Repairs, and Contracts, by E. 
Wyndham Tarn, M.A. Crown 8vo, 9s. cloth. 

I( Well fulfils the promise of its title-page, and we can thoroughly recommend It to the clast 
for whose use It has been compiled. Mr. Tam’s additions and revisions have much increased the 
usefulness of the work, and have especially augmented its value to students.' WjfrtpAvserOtf. 

“The work has been carefully revised and edited by Mr. E. Wyndham Tam, M. A., and com- 
prises several valuable additions on construction, mensuration, dilapidations and repairs, and other 
matters. . . . This edition will be found the most complete treatise on the principles of measur- 
ing and valuing artificers' work that has yet been published. "—Building News. 

Socket Estimator and Technical Guide . 

THE POCKET TECHNICAL GUIDE , MEASURER AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS . Containing Tech- 
nical Directions for Measuring Work in all the Building Trades, with a 
Treatise on the Measurement of Timber and Complete Specifications for 
Houses, Roads, and Drains, and an easy Method of Estimating the various 
parts of a Building collectively. By A. C. Beaton, Author of “ Quantities 
and Measurements, &e. Fourth Edition, carefully Revised and Priced 
according to the Present Value of Materials and Labour, with 53 Woodcuts, 
leather, waistcoat-pocket size, is. 6 d. gilt edges. 

“No builder, architect, surveyor, or valuer should be without hU ' Beaton's Guide.”’— 
Building News. 

“ Contains an extraordinary amount of information in dally requisition in measuring and 
estimating. Its presence in the pocket will save valuable time and trouble.'' — Building World. 

“ An exceedingly handy pocket companion, thoroughly reliable."— Builder's Weekly Reporter. 
“ This neat little compendium contains all that is requisite in carrying out contracts fo 
excavating, tiling, bricklaying, paving, See."— British Trade Journal. 


Donaldson on Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or. Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing up 
Specifications and Contracts for Works and Constructions, Illustrated by 
Precedents of Buildings actually executed by eminent Architects and En- 

g neers. By Professor T. L. Donaldson, P.R.I.B.A., &c. New Edition, in 
ne large Vol., 8vo, with upwards of 1,000 pages of Text, and 33 Plates, 
£1 us. 64 , doth. 

“In this work forty-four specifications of executed works are given. Including the specifica- 
tions for puts of the new Houma of Parliament, by Sir Charles Barry, and for the new Royal 
Exchange, by Mr. Tite, M.P. The latter, in particular, is a very complete and remarkable 
document. It embodies, to a great extent, as Mr. Donaldson mentions, 'the bill of quantities 
with the description of the works.' ... It is valuable as a record, and more valuable still as a 
book of precedents. . . . Suffice it to say that Donaldson’s 'Handbook of Specifications 1 
must be bought by all architects.”— Builder. 


Bartholomew and Rogers’ Specifications. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTUJIE. 
A Guide to the Architect, Engineer, Surveyor, and Builder. With an Rsfeay 
on the Structure and Science of Modern Buildings. Upon the Basie of the 
Work by Alfred Bartholomew, thoroughly Revised, Corrected, and greatly 
added to by Freds rick Rogers, Architect. Second Edition, Revised, with 
Additions. With numerous Bluets., medium 8vo, 15s. cloth. 

“ The collection of specifications prepared by Mr. Rogers on the lasis of Bartholomew’s work 
Is too well known to need any recommendation from us. It is one of the books with which every 
young architect most be equipped ; for time has shown that the specifications cannot be set aside 
through any defect in 

“ Good forms for specifications are of considerable value, and ft was an excellent Idea to com- 
pile a work on the subject upon the basis of the kte Alfred Bartholomew’s valuable work. The 
second edition of Mr. Rogers's book is evidence of the want of a book dealing with modem re- 
quirements and materials, ' — Building News, 
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Geometry for the Architect , Engineer, etc * 

PRACTICAL GEOMETRY \ for the Architect , Engineer and 
Mechanic . Giving Rules for the Delineation and Application oi various 
Geometrical Lines, Figures and Curves, By B. W. Tarn, M.A., Architect. 
Author of "The Science of Building," &c. Second Edition. With Appen- 
dices on Diagrams of Strains and Isometrical Projection. With 17a Illus- 
trations, demy 8vo, 91. cloth. 

M No book with the same objects in riew has ever been published in which the dearness of the 
rules laid down and the illustrative diagrams have been so satisfactory."— -Scotsman, 

"This is a manual for the practical man, whether architect, engineer, or mechanic. . . . The 
object of the author being to avoid all abstruse formulae or complicated methods, and tama bl e 
persons with but a moderate knowledge of geometry to work out the problems required. "—Jtnflish 

The Science of Geometry. 

THE GEOMETRY OF COMPASSES; or, Problems Resolved 
by the mere Description of Circles , and the use of Coloured Diagrams and 
Symbols, By Oliver Byrne. Coloured Plates. Crown 8vo, 3s. 64 . cloth. 

" The treatise is a good one, and remarkable— like all Mr. Byrae's contributions to the science 
of geometry— for the lucid character of its teaching. "—Building News. 


DECO RATIVE ART S, etc. 

Woods and Marbles (Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS 

AND MARBLES, as Taught and Practised by A. R. Van der Burg and P. 
Van der Burg, Directors of the Rotterdam Painting Institution. Royal folio, 
1 Si by xa| in.. Illustrated with 24 full-size Coloured Plates; also 12 plain 
Plate®, comprising 154 Figures. Second and Cheaper Edition. Price £ 1 us, 64 . 

List of Plates. 

t. Various Tods required for Wood Painting 
* -e, 3. Walnut : Preliminary Stages of Graining 
and Finished Specimen — 4. Tools used for 
Marble Painting and Method of Manipulation— 

5, 6. St. Remi Marble : Earlier Operations and 
Finished Specimen— 7. Methods of Sketching 
different Grains, Knots. Ac.— 8, 9. Ash: Pre- 
liminary Stages and Finished Specimen — xo. 

Methods of Sketching Marble Grains— xx, 1*. 

Breche Marble : Preliminary Stages of Working 
and Finished Specimen— 13. Maple : Methods 

Specimen— x6. Methods of Sketching the dif- 
ferent Species of White Marble— 1% x8. White 
Marble: Preliminary Stages of Process and 

**♦ Opinions of the Press. 

" Those who desire to attain skill In the art of painting woods and marbles will find advantage 
In consulting this book. • . . Some of the Working Men’s Clubs should give their young men 
the opportunity to study 

" A comprehensive guide to the ait. The explanations of the processes, the manipulation and 
management of the colours, and the beautifully executed plates will not be the least valuable to the 
student who aims at making his work a faithful transcript of nature ."— Building News. 

" Students and novices are fortunate who are able to become the possessors of so nobit a 
work. *—A rchittd. 

House Decoration. * 

ELEMENTARY DECORATION. A Guide to the Simpler 
Forms of Everyday Art, as applied to the Interior and Exterior Decoration of 
Dwelling Houses, dec. By jambs W. Facet, Jun. With 68 Cats. x2mo, as. 
cloth limp. 

"As ajjtechnical guide-book to the decorative painter it will be found reliable.”— Building Ntws\ 

PRACTICAL HOUSE DECORATION : A Guide to the Art of 
Ornamental Painting, the Arrangement of Colours in Apartments, and the 
principles of Decorative Design. With some Remarks upon the Nature and 
Properties of Pigments. By James William Facsy, Author of 11 Elementary 
Decoration," Ac. With numerous Illustrations, xamo, as. 64. cloth limp. 
N,B.—Tkt above Two Works together in One Vol. t strongly hfUf- bound t 51 


Finished Specimen— 10. Mahogany: Specimens 
of various Grains and Methods of Manipulation 
—bo, bi. Mahogany: Earlier Stages and Finished 
Specimen — aa, B3, 84. Sienna Marble: Varieties 
— Grain, Preliminary Stages and Finished 
Specimen— «$, *6, *7. Juniper Wood : Methods 
of producing Grain, &c.: Preliminary Stages 
ana Finished Specimen— 38. 09, 30. Vert do 
Mer Marble: Varieties of Grain and Methods 
of Working Unfinished and Finished Speci- 
mens— 31. 30. 33. Oak; Varieties of Grain, Tools 
Employed, and Methods of Manipulation. Pre- 
liminary Stages and Finished Special 
36. Waulsort Marble: Varieties of < 
finished and Finished Specimens. 
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Colour. 

A GRAMMAR OF COLOURING . Applied to Decorative 

Painting and the Art*. By George Field. N ew Edition, Revised, Enlarged, 
and adapted to the use ot the Ornamental Painter and Designer, By Ellis 
A. Davidson. With New Coloured Diagrams and Engravings, nmo, 3 s, 64 . 
cloth boards. 

“ Hie book Is a most useful resume of the properties of pigments. "—Buti&r. 

House Painting, Graining, etc. 

HOUSE PAINTING , GRAINING, MARBLING, AND SIGN 
WRITING, A Practical Manual of. By Ellis A. Davidson. Fifth Edition. 
With Coloured Plates and Wood Engravings, larao, 6s. cloth boards. 

“ A mass of information, of use to the amateur and of value to the practical aaxi.”~BngHsk 
Mechanic. 

“Simply invaluable to the youngster entering upon this particular calling, and highly service- 
able to the man who is practising it . —Furniture Gazette, 

Decorators, Receipts for . 

THE DECORATOR'S ASSISTANT : A Modem Guide to De- 
corative Artists and Amateurs, Painters, Writers, Gilders, & c. Containing 
upwards of 600 Receipts, Rules and Instructions ; with a variety of Informa- 
tion for General Work connected with every Class of Interior and Exterior 
Decorations, &c. 132 pp., crown flvo, is. in wrapper. 

“ Full of receipts of value to decorators, painters, gilders, &c. The book contains the gist of 
larger treatises on colour and technical processes. It would be difficult to- meet with a work so full 
of varied information on the painter's art.”— Building Nevis, 

Wc recommend the work to all who, whether for pleasure or profit, require a guide to decora- 
tion. ^ "—Plumber and Decorator . 


Moyr Smith on Interior Decoration. 


ORNAMENTAL INTERIORS, ANCIENT AND MODERN. 
By J. Moyr Smith. Super-royal 8vo, with 32 full-page Plates and numerous 
smaller Illusts., handsomely bound in cloth, gilt top, price 18s. [Just published. 
*3T In “Ornamental Interiors designs of more than thirty artist* 
decorators and architects of high standing have been illustrated. The book may 
therefore fairly claim to give a good general view of the works of the modem school 
of decoration, besides giving characteristic examples of earlier decorative arrange- 
ments. 

u Ornamental Interiors” gives a short account of the styles of Interior 
Decoration as practised by the Ancients in Egypt, Greece , Assyria , Rome and Byzan- 
tium. This part is illustrated by characteristic designs . The main body of the 
work , however , is devoted to the illustration of the modern stvles of Decorative Art t 
and many examples are given of decorative designs suitable for modem Dining- 
Rooms, Drawing-Rooms, Libraries, Staircases and Halls , Parlours, Studies and 
Smoking-Rooms. The Decoration of Public Buitdings is illustrated by views of the 
chief State Apartments in Buckingham Palace and Windsor Castle, the Salle de 
Leys at Antwerp, the Salle de Mariages at Brussels , and of other works which have 
distinctive features suitable for the purpose . 

*** Opinions of the Press. 


The book is wen illustrated and handsomely got up, and contains some true criticism end a 
good many good examples of decorative treatment. — The Builder. 

" We can greatly commend Mr. Moyr Smith's book, for it Is the production of one professedly 
capable in decorative work, and abounds with useful hints and descriptions of executed modem 
work, together with a well-put resume ot ancient styles. ... As much a book for the drawing- 
room a» for the manufacturer.’'— 7Vtr British A rchitect. 

Well fitted for the dilettante, amateur, and professional designer. 

This is the most elaborate, and beautiful work on the artistic decoration of interiors that we 
. , . The scrolls, panels and other designs from the author’s own pen &m vfry 
ooftutmti and chaste: but he takes care that the designs of other men shall figure even more than 
his owvu*-~Liver£<> 0 i Albion. 

To all who take an interest In elaborate domestic ornament this handsome volume will be 


Mr. MoyrSnJtb deserves the thanks of art workers for having placed within their reach a 
M » that seems eminently adapted to afford, by example and precept, that guidance of which 
craftsmen stand in need .''--Furniture Gazette. 

British and Foreign Marbles. 

MARBLE DECORATION find the Terminology of British end 
formn Marita. A Handbook for Students. By Gborge H. Blaokovb, 
Author ot u Shoring and it* Application,” tee. With «8 Illustration*. Crown 

*.M.elath. . ........ 
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A PRIMER OF THE ART OF ILLUMINATION, for the Use of 
Begmnm ; With ft Rudimentary Treatise on the Art, Practical Directions for 
Its exercise, and Examples taken from Illuminated MSS,, printed in Gold and 
Colours. By F. Dblamotte. New and Cheaper Edition. Small 4to, 6s. orna* 
mental hoards. 

"The examples of ancient MSS. re com mended to the student, Which, with much good sense, 
the author chooses from collections accessible to all, are selected with judgment and toowledge^ 
as weUas taste."— Aihenmum. ^ 

ORNAMENTAL ALPHABETS, Ancient and Media val, from the 
Eighth Century, with Numerals ; including Gothic, Church-Text, large and 
small, German, Italian, Arabesque. Initials for Illumination, Monograms, 
Crosses, Ac. &c., for the use of Architectural and Engineering Draughtsmen, 
Missal Painters, Masons, Decorative Painters, Limogrephers, Engravers, 
Carvers, &c. &c. Collected and Engraved by F.Delamotte, and printed in 
Colours. New and Cheaper Edition. Royal 8vo, oblong, as. 6d. ornamental 
boards. 

" For those who Insert enamelled sentences round gilded chalices, who blazon shop legends oxer 
shop-door*, who letter church walls with pithy Sentences from the Decalogue, this hook will be use* 
tvL~-AtM*turum. 

EXAMPLES OF MODERN ALPHABETS , Plain and Ornamental; 

including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, Engrossing, Tuscan. Riband, Gothic, Rustic, and Arabesque ; 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur- 
veyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, Sec. 
Collected and Engraved by F. Dblamotte, and printed in Colours. New 
and Cheaper Edition, Royal 8vo, oblong, as. 6 d. ornamental boards. 

"There is comprised in It every possible shape Into which the letters of the alphabet and 
numerals can be formed, and the talent which has been expended in the conception of the various 
plain and ornamental letters is wonderful ” — Standard. 

MEDIIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. G. Dblamotte. Containing 21 Plates and Illuminated 
Title, printed in Gold and Colours. With an Introduction by T. Willis 
Brooks. Fourth and Cheaper Edition. Small 4to, 41. ornamental boards. 

“ A volume in which the letters of the alphabet come forthgiorified in gilding and all the colours 
of the prism interwoven and intertwined ana intermingled .” — Sun 

THE EMBROIDERER’S BOOK OF DESIGN . Containing 

Initials, Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical 
Devices, Mediseval and Modem Alphabets, and National Emblems. Col- 
lected by F. Dblamotte, and printed in Colours. Oblong royal 8vo f is. 6d. 
ornamental wrapper. 

"The book will be of great assistance to ladies and young children who are endowed with the 
art of plying the needle In this most ornamental and useful pretty work .”— Bast Anglian Times. 

Wood Carving. 

INSTRUCTIONS IN WOOD-CARVING, for Amateurs ; with 
■ Hints 00 Design. By A Lady. With Ten large Plates, a. 6d. in emblematic 
wrapper. 

"The handicraft of the wood-carver, to well as a book can impart it, may be learnt from * A 
Lady’s ’ publication.”— 

& The directions given are plain and easily understood ,"— English Mechanic. 

Glass Tainting. 

GLASS STAINING AND THE ART OF PAINTING ON 
GLASS. From the German of Dr. Gbssert and Emakubl Otto Frombero. 
With an Appendix on The Art or Enamelling, zamo, at. 6d. cloth limp,' 

Letter Tainting. 

THE ART OF LETTER PAINTING MADE EASY. By 

Joints Guta Basbmoch. With isM-pege Engravings of Examples, u, cloth 

The eyitete bn <hnpteone, birt quite origitu^ and well worth the c a refa l attention of fetter 
painters, ii can be orally mastered and remembered.”— ^u*£*’*y News* 
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Tredgold’a Carpentry, Enlarged by Tarn. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY. 
A Treatise on the Pressure and Equilibrium of Timber Framing, the Resist* 
ance of Timber, and the Construction of Floors, Arches, Bridges, Roofs, 
Uniting Iron and Stone with Timber, ffic. To which is added an Essay 
on the mature and Properties oi Timber, &c., with Descriptions of the kinds 
of Wood used in Building; also numerous Tables of the Scantlings of Tim- 
ber for different purposes, the Specific Gravities of Materials, Ac. By Thomas 
Tredgold, C.E. With an Appendix of Specimens of Various Roofs of Iron 
and Stone, Illustrated. Seventh Edition, thoroughly revised and considerably 
enlarged by E. Wykoham Tarn, M.A., Author of “The Science of Build- 
ing,” &c. With 61 Plates, Portrait of the Author, and several Woodcuts. In 
one large vol., 4to, price £t 5s. cloth. 

••Ought to be in every architect's and every builder’s ]fbr&ry.’’— 8uitder. 

•'A work whose monumental excellence must commend it wherever skilful carpentry Is con- 
cerned. The author's principles are rather confirmed than impaired by time. The additional 
plates are of great intrinsic value .”— Building News. 

Woodworking Machinery. 

WOODWORKING MACHINERY : Its Rise, Progress, and Con • 
struction. With Hints on the Management of Saw Mills ana the Economical 
Conversion of Timber. Illustrated with Examples ot Recent Designs by 
leading English, French, and American Engineers. By M. Powis Bale, 
A.M. Inst. C.E„ M.I.M.E. Large crown 8vo, ias. 6 d. cloth. 

“ Mr. Bale is evidently an expert on the subject and he has collected so much information that 
his book is all-sufficient for builders and others engaged in the conversion of timber.”—^ rchiiect. 

“The roost comprehensive compendium of wood-working machinery we have seen. The 
author is a thorough roaster of his subject.”— Building News. 

“ The appearance of this book at the present time will we should think, give a considerable 
impetus to the onward march of the machinist engaged in the designing and manufacture of 
wood-working machines. It should be in the office of every wood-working factory .”— -Ettsrlislt 
Mechanic. 

Saw Mills. 

SAW MILLS : Their Arrangement and Management , and the 
Economical Conversion of Timber. (Being a Companion Volume to M Wood- 
working Machinery.**) By M. Powis Bale, A.M. Inst. C.£„ M.I.M.E. 
With numerous Illustrations. Crown 8vo, 10 s. 6d. cloth. 

* The administration of a large sawing establishment is discussed, and the subject examined 
from a financial standpoint. Hence the she, shape, order, and disposition of saw mills and the 
like are gone into in detail* and the course of the timber Is traced from its reception to its 
deli v e r y m its converted Mate. We could not desire a more complete or practical treatise.”— 

“ We highly recommend Mr. Bale’s work to the attention and perusal of all those who are en* 
gaged in the art of wood conversion, or who are about building or remodelling saw-mills on im- 

nm*M/ ) nrfnWnlu V— 

Carpentering. 

THE CARPENTER'S NEW GUIDE ; or, Book of Lines for Car- 
pentera : comprising all the Elementary Principles essential for acquiring a 
knowledge of Carpentry. Founded on the late Peter Nicholson’s Standard 
Work. A New Edition, revised by Arthur Ashpitel, F.S.A. Together 
with Practical Rules on Drawing, by Georgs Pynr. With 74 Plates, 
4to, £1 u. doth. 


A PRACTICAL TREATISE ON HANDRAILING : Showing 
New and Simple Methods for Finding the Pitch of the Plank, Draw&g the 
Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By George 
.hS.W 1 *? 8 * Illustrated with Plates and Diagrams. T2mo. is, 6 d. doth limp. 
„ will be found of practical utility in the execution of this difficult branch of Joinery.”— Builder. 
m\A difficult phase of this somewhat intricate branch of joinery s elucidated by the 

aid of plates and explanatory letterpress.”— Fumitu re Gasette. 

Circular Work. 

CIRCULAR WORK IN CARPENTRY AND JOINERY: A 
Practical Treatise on Circular Work of Single and Double Curvature. By 
George Collihgb, Author of “A Practical Treatise on Handrailing.** IUue- 
hT**?? uumwoua Diagramt, iamo, as. td. doth limp. HuttpnbHshsd, 

***** «"•*»** ****** 
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Timber Merchant’* Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM - 
PAN ION. Containing New and Copious Tables of the Reduced Weight and 
Measurement of Deals and Battens, of all sizes, from One to a Thousand 
Pieces, and the relative Price that each size bears per Lineal Foot to any 
given Price per Petersburg Standard Hundred ; the Price per Cube Foot of 
Square Timber to any given Price per Load of 50 Feet ; tne proportionate 
Value ot Deals and Battens by th6 Standard, to Square Timber by the Load 
of 50 Feet ; the readiest mode of ascertaining the Price of Scantling per 
Lineal Foot of any size, to any given Figure per Cube Foot, &c. dec. By 
William Dowsing. Fourth Edition, Revised and Corrected. Cr. 8vo, 3s. cl. 
"Every timber merchant and builder ought to possess it.”— Null Advertiser. 

"We are glad to see a fourth edition of these admirable tables, which for correctness and 
simplicity of arrangement leave nothing to be desired.”— Timber Trades Journal. 

"An exceedingly well-arranged, dear, and concise manual of tables for the use of all who buy 
or sell timber . ' '—Journal qf Forestry, 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT. Being a Guide 
for the use of Building Contractors, Surveyors. Builders, &c., comprising 
useful Tables for all purposes connected with the Timber Trade, Marks of 
Wood, Essay on the Strength of Timber, Remarks on the Growth of Timber, 
See. By W. Richardson. Fcap. 8vo, 3s. 6 d. cloth. 

" This handy manual contains much valuable information for the use of timber merchants, 
builders, foresters, and all others connected with the growth, sale, and manufacture of timber.’ — 
~ “* "" Forestry. 

Timber Freight Book . 

THE TIMBER MERCHANTS, SAW MILLER'S , AND 
IMPORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rules, 
Tables, and Memoranda relating to the Timber Trade. By William 
Richardson Timber Broker ; together with a Chapter on 41 Spkeds of Saw 
Mill Machinery ,' 4 by M. Powis Bale, &c. i2mo, 3s. 6 d. cl. boards. 

"A very useftil manual of rules, tables, and memoranda, relating to the timber trade. We re* 
commend it as a compendium of calculation to all timber measurers and merchants, and as supply* 
tng a real want in the trade.”— Building News. 

Backing-Case Makers , Tables for . 

PACKING-CASE TABLES ; showing the number of Super- 
ficial Feet in Boxes or Packing-Cases, from six inches square and upwards. 
By W, Richardson, Timber Broker. Second Edition. Oolong ato, 3s. 6 d. cl. 
"Invaluable labour-saving tables. "—Iron monger, " Will save much labour. '--Grocer. 

Superficial Measurement > 

THE TRADESMAN’S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from x to 200 inches in length, by 1 to 108 
inches In breadth. For the use of Architects, Surveyors, Engineers, Timber 
Merchants, Builders* Sec. By James Hawkings. Third Edition. Fcap., 
3$. 6d. doth, 

" A useful collection of tables to facilitate rapid calculation of surfaces. The exact area of any 
surface of which the limits have been ascertained can be instantly determined. The book will be 
found of the greatest utility to all engaged in building operations.”— Scotsman. 

Forestry . 

THE ELEMENTS OF FORESTRY . Designed to afford In- 
formation concerning the Planting and Care of Forest Trees for Ornament or 
Profit, with Suggestions upon the Creation and Caro of Woodlands. By F. B. 
Hough. Large crown 8vo, xo$. cloth, 

Timber Importer’s Guide* 

THE TIMBER IMPORTER 'S, TIMBER MERCHANTS AND 
BUILDER'S STANDARD GUIDE. By Richard E. Grandy. Compris- 
ing an Analysis of Deal Standards, Home and Foreign* with Comparative 
Values and Tabular Arrangements for fixing Nett Landed Cost on Baltic 
and North American Deals, including all intermediate Expenses, Freight, 
Insurance, &c. Ac. Together with copious Information for the Retailer and 
Builder. Third Edition, Revised, xamo, as. td. cloth boards. 

" Everything it pretends to be : built up gradually, it leads one from a forest to a treenail, and 
throws In, as a makeweight, a host of material concerning bricks, columns, cisterns, Ac.” *’ 
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Chain Cables. 

CHAIN CABLES AND CHAINS. Comprising Sizes and 
Curves of Links, Studs, &c., Iron for Cables and Chains, Chain Cable and 
Chain Making, Forming and Welding Links, Strength of Cables and Chains, 
Certificates for Cables, Marking Cables, Prices of Chain Cables and Chains, 
Historical Notes, Acts of Parliament, Statutory Tests, Charges for Testing, 
List of Manufacturers of Cables, &c. Ac. By Thomas W. Traill, F.E.R.N., 
M. Inst C.E., Engineer Surveyor in Chief, Board of Trade, the Inspector 
of Chain Cable and Anchor Proving Establishments, and General Superin- 
tendent, Lloyd’s Committee on Proving Establishments. With numerous 
Tables, Illustrations and Lithographic Drawings. Folio, &z 2$. cloth, 
bevelled boards. 

“ The author writes not only with a full acquaintance with scientific formula: and detail* but 
also with a profound and fully-instructed sense of the Importance to the safety of our ships and 
sailors of fidelity In the manufacture of cnb\c$."<—Athetuzum. 

“ The business of chain cable making is well explained and Illustrated. We can safely recom- 
mend this work to all in any way connected with the manufacture of chain cables and chains, as a 
good hook." —Nature. 

" It contains a vast amount of valuable Information. Nothing seems to be wanting to make it 
a complete and standard work of reference on the subject.” — Nautical Magaxint. 

Pocket-Book for Naval Architects and Shipbuilders. 
THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET-BOOK of Formula, Rules, and Tables, and MARINE ENGINEER'S 
AND SURVEYOR'S Handy Book of Reference. By Clement Mackrow. 
Member of the Institution orNaval Architects, Naval Draughtsman. Third 
Edition, Revised. With numerous Diagrams, &c. Fcap., 1 as. 6d, strongly 
bound in leather. 

“Should be used by aU who are engaged in the construction or design of vessels. . . . Will 
be found to contain the most useful tables and formula: required by shipbuilders, carefully collected 
from the best authorities, and put together in a popular and simple {otm”--Iingineer. 

“The professional shipbuilder has now, in a convenient ana accessible form, reliable data for 
solving many of the numerous problems that present themselves in the course of his work." — Iron. 

“There la scarcely a subject on which a naval architect or shipbuilder can require to refresh 
his memory which will not be found within the covers of Mr. Mackrow's book.” — English Mechanic. 

Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR - 
MU LAS FOR MARINE ENGINEERS. By Frank Proctor, A.I.N.A. 
Third Edition. Royal 31100, leather, gilt edges, with strap, 4J. 

“We recommend it to our readers as going far to supply a long-felt want."— Naval Science. 

•A most useful companion to all marine engfcieers.”— United Service Gauutte. 

Lighthouses, 

EUROPEAN LIGHTHOUSE SYSTEMS. Being a Report of 
a T<mr of Inspection made in 1873. By Major Gborqe H. Elliot, Corps of 
Engineer*, U.S.A. Illustrated by jt Engravings and 31 Woodcuts. 8vo, 
9 X 3 . cloth. 

V* The following are published in Weale’s Rudimentary Ssftrss. 
MASTING , MAST-MAKING , AND RIGGING OF SHIPS. By 
Robert Kipping, N.A. Fifteenth Edition, iamo, as. 6 d. cloth boards. 
SAILS AND SAIL-MAKING. Eleventh Edition, Enlarged, with 
an Appendix. By Robert Kipping, N.A. Illustrated, iamo, 33. cloth boards. 
NAVAL ARCHITECTURE. By James Peake. Fifth Edition, 
with PlateB and Diagrams, iamo, 43. cloth boards. 

marine ENGINES AND STEAM VESSELS [A Treatise oh). 

By Robert Murray, C.E., Principal Officer to the Board of Trade for the 
Bast Coast of Scotland District. Eighth Edition, thoroughly Revised, with 
considerable Additions, by the Author and by Georgs Carlisle, GB., 
Senior Surveyor to the Board of Trade at Liverpool, iamo, 53. cloth boards. 
PRACTICAL NA VIGATION. Consisting of The Sailor’s Sea- 
5 PSP» Greenwood and W. H. Rosser ; together with the requisite 

Mathematical and Nautical Tables for the Working of the Problems, bv 
Hrnry Law, C*E. and Prof. J. R. Young* Illustrated 19x00,73. half-bound, 
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MINING AND MINING INDDdVElBS. 

Metalliferous Mining* 

BRITISH MINING : A Treatise on the History, Discovery. Practical 
Development, and Future Prospects of Metalliferous Mines in the United King- 
dom. By Robert Hunt, F.R.S., Keeper of Mining Records; Editor of 
14 Ure’s Dictionary of Arts, Manufactures, and Mines, dec. Upwards 0^950 
230 Illustrations. Second Edition, Revised. Super-r^d 

\* Opiniohs of the Press. 

“One of themost valuable works of reference of modem times. Mr. Hunt, as keeper of mining 


“Probably no one In this country was better qualified than Mr. Hunt for undertaking such a 
work. Brought into frequent and close association during a long life-time with the principal guar* 
dians of our mineral and metallurgical Industries, he enjoyed a position exceptionally favourable 
for collecting the necessary information. The use which ne has made of his opportunities is suffi- 
ciently attested by the dense mass of information crowded into the handsome volume which has 
just been published. . . . In -placing before the reader a sketch of the present position of 
British Mining, Mr. Hunt treats his subject so fully and illustrates it so amply that this section really 
forms a little treatise on practical mining. . . . The book is, in fact, a treasure-house of statistical 
information on mining subjects, and we Know of no other work embodying so great a mass of matte* 
of this kind. Were this the only merit of Mr. Hunt’s volume it would be sufficient to render it 
indispensable in the library of everyone interested in the development of the mining and metallur- 
gical industries of this country.”— Atkenatum. 

" A mass of information not elsewhere available, and of the greatest value to those who may 
be interested in our great mineral industries.’’— Engineer. * 

“ A sound, business-like collection of Interesting facts. . . . The amount of Information 
Mr. Hunt has brought together is enormous. . . . The volume appears likely to convey more 
Instruction upon the subject than any work hitherto published," — Mining- Journal. 

" The work will be for the mining industry what Dr. Percy’s celebrated treatise has been for the 
metallurgical— a book that cannot with advantage be omitted from the library.”— and Coal 
Trades Review . 

“The literature of mining has hitherto possessed no work approaching In Importance to that 
which has fust been published. There is much in Mr. Hunt's valuable work that every shareholder 
in a mine should read with close attention. The entire subject of practical mining— from the first 
search for the lode to the latest stages of dressing the ore— is dealt with in a m a s te rly maimer.” 
— . Academy . 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
fCINGDOM. Comprising a Description of the Coal Fields, and of the Princi- 
pal Seams of Coal, -with Returns of their Produce and its Distribution, and 
Analyses of Special Varieties. Also an Account of the occurrence of Iron 
Ores in Veins or Seams; Analyses of each Variety; and a History of the 
Rise and Progress of Pig Iron Manufacture since the year 1740, exhibiting the 
Economies introduced in the Blast Furnaces for its Production and Improve- 
ment. By Rickard Meade, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United Kingdom. 
8vo, £1 8s. clpth. 

“The book Is one which must find & place on the shelve* of an interested In coal and iron 
production, and la the iron, steel, and other metallurgical Industries. "—Engineer. 

“ Of this book we may unreservedly say that it is die best of its class which we have ever met 
. . , A book of reference which no one engaged In the iron or coal trade* should omit from his 
Hbrary.”— /rw* and Coal Trades Review. ... 

“An exhaustive treatise and a valuable work of reference.”— Journal. 

Prospecting for Gold and other Metals. 

THE PROSPECTOR'S HANDBOOK: A Guide for the Pro- 
spector and Traveller in Search of Metal-Bearing or other Valuable Minerals. 
BjrJ. W. Aedersoh, (Camb.), F.R.G.S., Author of 44 Fiji and, Neya 
Caledonia," Third Edition, Revised, with Additions. Small crown 8 ~m t 
3*. &*. cloth. [?u*t published. 

•* Will supply a much felt want, especially among Colonists, in whose way are ao etten thrown 
many miner alcgical specimens the value of which it b difficult for anyone not a specialist, to 
determine. The author has placed hb Instructions before hb readers in the phrfnest possible 
terms, and his book Is the best of its kind.**— Engineer. 

“How to find commercial minerals, and how to identify them when they are found,. are 
leading points to which attention is directed. The author has managed to pack as anchor-’** 
detail Into his pages as would supply material for a book three times its sire.’'— Mitt&ur fa, 
“Those tollers who explore the trodden or untrodden tracks on the fees of the globes 
much that b usefol to them in this book ."—Athenaeum. 
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Mining Notes and Formula*, 

NOTES AND FORMULAE FOR MINING STUDENTS. By 
York Herman Merivale, M.A., Certificated Colliery Manager, Professor of 
Mining in the Durham College of Science, Newcastle-upon-Tyne, Second 
Edition, carefully Revised. Small crown 8vo, doth, price ss. 6 a. 

[Just published. 

1 ST This booh consists of a collection of notes and f omnia drawn from various 
scarcest the authority being quoted in most instances. It is hoped that ths work will 
be useful not only to students out to the profession. 

The principal sources of information upon mining matters are the Transactions 
of the various Engineering Societies to which the student , in most of our large towns , 
has access. A great many references to the most familiar of them arc given, so that 
the student who wishes to follow up a subject may be in a position to acquaint himself 
with details which could not be included in a work like this. 

The examples of the use of the formulae, at the end of the booh, are merely given 
to assist students working without a teacher. 

“ Invaluable to anyone who is working up for an examination on mining subjects."— Coal and 
Cron Trades Revtrtv. 

“ The author has done his work in an exceedingly creditable manner, and has produced a book 
Shat will be of service to students, and those who are practically engaged in mining operations."— 
Tsugitteer. 

“ A vast amount of technical matter of the utmost value to mining engineers, and of consider- 
able interest to students.” — Schoolmaster. 

Mineral Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 

GUIDE , comprising a Treatise on Improved Mining Surveying and the Valua- 
tion of Mining Properties , with New Traverse Tables, By Wm. Lintern, 
Mining and Civil Engineer. Second Edition, with an Appendix on “ Mag- 
netic and Angular Surveying,” with Records of the Peculiarities of Needle 
Disturbances. With Four Plates of Diagrams, Plans, &c. iamo, as. cloth. 

[Just published. 

“ An enormous fund of information of great ralne . "—Mining Journal. 

“ Mr. Llntern's book forms a valuable and thoroughly trustworthy guide ."— Iron and Coat 
Trades Review, , 

“ This new edition must be of the highest value to colliery surveyors, proprietors and mana- 
gers."— Colliery Guardian, 

Metalliferous Minerals and Mining. 

TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davies, F.G.S., Mining Engineer, &c.. Author of “ A 
Treatise on Slate and Slate Quarfying.” Illustrated with numerous Wood 
Engravings. Fourth Edition. Crown 8vo, in. 6 d. cloth. 

“Neither the practical miner nor the general reader interested in mines, can have a better book 
for his companion and his guide."— Mining Journal. 

“ The volume is one which no student of mineralogy should be wl thout . "—Colliery Guardian . 
^ “We are doing our readers a service in calling their attention to this valuable work."— 

“ A book that wiB not only be useftd to the geologist, the practical miner, and the metallurgist, 
but also very intereating to the general public."— ■Iron. 

“As a history of the present state of mining throughout the world this bock has a real value, 
and it supplies art actual want, for no such Information has hitherto been brought together within 
such limited space."— Athenaum. 


Earthy Minerals and Mining. . , 

A TREATISE ON EARTHY AND OTHER MINERALS 
_> MINING* By D. C. Davies, F.G.S. Uniform with, and forming a 
Companion Volume to, the same Author's “ Metalliferous Minerals and 
Mining, 11 With 76 Wood Engravings. Second Edition. Crown Bvp, its. fid. 
cloth. 


It is essentially a practical work, intended primarily for the use of practical men. V » . We 
*0 not remember to have met with any English work on mining matters that contains the same 
aawnmt 0 f Information packed in squally convenient form."— Smarmy. 

^ T . h ® book it deatty the renilt of many years' careful work and thought, and we Should be 
!2ffiS5j|y ^»gkjty bandy technical and trades manuals which have. 

«*<*<** ««> p~. 

“The subject matter of the volume will be found of high value by aS— end they are a stumer* 
•us Class— who trade in earthy minerals."— Athenaum. 
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Underground Pumping Machinery . 

MINE DRAINAGE . Being a Complete and Practical Treatise 

on Direct-Acting Underground Steam Pumping Machinery, with a Descrip- 
tion of a large number of the best known Engines, their General Utility and 
the Special Sphere of their Action, the Mode of their Application, and 
their merits compared with other forms of Pumping Machinery. By Stephen 
Michell. 8vo, X5$. cloth. 

"Will be highly esteemed by colliery owners end lessees, mining engineers, end students 
generally who require to be acquainted with the best means of securing the drainage of mines. It 
u a most valuable work, and stands almost alone in the literature of steam pumping mechinev'’'~~ 
Colliery Guardian, 

** Much valuable information is given, so that the book is thoroughly worthy of an extensive 
circulation amongst practical men and purchasers of machinery Mining Journal. 

Mining Tools, 

A MANUAL OF MINING TOOLS. For the Use of Mine 
Managers, Agents, Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines, xamo, 3s. cloth boards. 
ATLAS OF ENGRAVINGS to Illustrate the above, contain- 
ing <35 Illustrations of Mining Tools, drawn to scale. 4to, 4 s. 6 d. cloth. 

" Students in the science of mining, and overmen, captains, managers, and viewers may gain 
practical knowledge and useful hints by the study of Mr. Morgans’ manual — Colliery Guardian. 

" A valuable work, which will tend materially to improve our mining literature, 

Journal. 

Coal Mining. 

COAL AND COAL MINING : A Rudimentary Treatise on. By 
Sir Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector of the Mines of 
the Crown. New Edition, Revised and Corrected. With numerous Illustra- 
tions. xsmo, 4$. cloth boards. 

"As an outUne is given of every known coal-field in this and other countries, as well as of the 
principal jnethods of working, the book will doubtless interest a very large number of readers.”— 

Subterraneous Surveying . 

SUBTERRANEOUS SURVEYING , Elementary and Practical 
Treatise on; with and without the Magnetic Needle. By Thomas Fenwick, 
Surveyor oi Mines, and Thomas Barer, C.E. Illustrated, xamo, 3s. cloth 

boards. — — — - — — — 

NATURAL AND APPLIED SCIENCE. 


Text Book of Electricity . * 

THE STUDENTS TEXTBOOK OF ELECTRICITY . By 
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, carefully Revised. 
With an Introduction and Additional Chapters, by W. H. Prbecb, M.I.C.E., 
Vice-President of the Society of Telegraph Engineers, &c. With 470 Illustra- 
tions. Crown 8vo, itt. 6d. cloth. 

"The original plan of this book has been carefully adhered to so as to make It a reflex of the 
existing state of electrical science, adapted for students. . . . Discovery seems to have pro- 
grossed with marvellous strides ; nevertheless it has now apparently ceased, and practical applica- 
tions have commenced their career 1 dnd it is to give a faithful account of these that this fresh 
edition of Dr. Noad’s valuable text-book is launched forth. "—Extract from Introduction by W. H. 
Prttce, jffjrf, 

"We can recommend Dr. Noad’* book for dear style, great range of subject, a good Index, 
and a plethora of woodcuts. Such collections as the present are indispensable . 1 —Athenaum. 

m * Dr. Noad’t text-book has earned for Itself the reputation of a truly scientific manual for the 
student of electricity, and we gladly hail this new amended edition, which brings It onoe more to 
the front. Mr. Preece as reviser, with the assistance of Mr. H. R. Kerape and Mr. 7 . P. Edwards, 
has added an the practical results of recent invention and research to the admirable theoretical 
expositions of the author, so that the book is about as complete and advanced as it Is possible for 
any bookto be within the limits of a text-book."— T tUfrafhic Journal. 

Electricity. 

A MANUAL OF ELECTRICITY: Including Galvanism, Ma t 
neHm , Dia-Magnetim, Electro-Dynamics, Magno-Electricity, and the Elects . . 
Telegraph. By Henry M. Noad, Ph.D., F.R.S., F.C.S. Fourth Edition. 
With 500 Woodcuts. 8vo, £1 4s. doth. 

"The accounts given of electricity and galvanism are not only complete in a scientific 1 
but, which is a rarer thing, are popular and Interesting. ”—La ncet. 

"It is worthy of a place in the library of every public institution."— A 
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j Electric Light . 

ELECTRIC LIGHT : Its Production and Use. Embodying Plain 
Directions for the Treatment of Voltaic Batteries, Electric Lamps, and 
Dynamo-Electric Machines. By J. W. Urdu hart, C.E., Author of “ Electro- 
plating.” Second Edition, with large Additions and 128 Illusts. ys. 6 4. doth. 
“ The book is by for the best that we have yet met with on the subject."— Atheneeum. 

*• it {$ the only work at present available which gives, in language intelligible for the most part 
to the ordinary reader, a general but concise history of the means which have been adopted up to 
the present time in producing the electric Wg&L.''— Metropolitan. 

r< The book contains a general account of the means adopted in producing the electric light; 
not only as obtained from voltaic or galvanic batteries, but treats at length of the dynamo-electric 
machine in several of its forms. ' ’ — Colliery Guardian. 

Electric Lighting. 

THE ELEMENTARY PRINCIPLES OF ELECTRIC LIGHT . 
ING . By Alan A. Campbell Swinton, Associate S.T.E. Crown 8vo, 
is. 6 d. cloth. 

‘ ‘ Anyone who desires a short and thoroughly clear exposition of the elementary principles of 
electric-lighting cannot do better than read this little work. — Bradford Observer. 

Dr. Lardner’8 School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardnbr. 

328 Illustrations. Sixth Edition. One Vol., 3s. 6 4. cloth. 

" A very convenient class-book for junior students in private schools. It Is intended to convey, 
In clear and precise terms, general notions of all the principal divisions of Physical Science."— 
British Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardnbr. 

With 190 Illustrations. Second Edition. One Vol., 3s. 64. cloth. 

“ Clearly written, well arranged, and excellently illustrated." — Gardener's Chronicle. 

Dr. Itardner f 8 Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardnbr. R<s 
vised and Re-written by E. B. Bright, F.R.A.S. 140 Illustrations. Small 
8vo, 2s. 64. cloth. 

“ One of die most readable books extant on the Electric Telegraph.”— English Mechanic. 

Storms . 

STORMS : Their Nature, Classification, and Laws; with the Means 
of Predicting them by their Embodiments, the Clouds. By Wm. Blasius. 
With Coloured Plates and Woodcuts, Crown 8vo, ioj. 64. cloth. 

"A very readable book. . . . The fresh facts contained in its pages, collected with evident 
care, form a useful repository for meteorologistsJn the study of atmospherical disturbances. . . . 
The book will pay perusal as being the production of one who gives evidence of acute observa- 
tion."— Nature. 

The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY. Containing all known Methods of Anhydrous Analysis, many 
Working Examples, ana Instructions for Making Apparatus. By JLieut.- 
Colonel W. A. Ross, R.A. With 130 Illustrations. Cr. 8vo, 3 s. 64. cloth. 


cal News. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Earned 
from Contributions of Officers and others connected with the different Ser- 
vices. Originally edited by a Committee of the Corps of Royal Engineers, 
Second Edition, most carefully revised by au Officer of the Corps, with many 
Additions j containing nearly 350 Engravings and many hundred Woodcuts, 
Three Vols., royal 8vo, extra cloth boards, and lettered, £4 10s 
Sdittbt^h^e^ntl* socyc ^ 1>as<Uia of knowledge, to which we are greatly indebted."— 

Meld Fortification, 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING. B* 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Woof* 
wicb. Sixth Edition, crown 8vo, cloth, with separate Atlas of 22 Plates, tax. 
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Temperaments. 

OUR TEMPERAMENTS, THEIR STUDY AND THEIR 
TEACHING. A Popular Outline. By Alexander Stewart, F.R.C.S. 
Edin. In one large 8vo volume, with 30 Illustrations, including A Selection 
from Lodge's 11 Historical Portraits,” showing the Chief Forms of Paces. 
Price 15s. cloth, gilt top. 

“The book is •accordingly interesting, oven for those who are not systematic students of am 
thropoiogy. ... To thoae who think the proper study of mankind is man. It wifl be fall of attrac- 
tion ,—Vaity Telegraph. 

“The author’s object is to enable a student to read a man's temperament in his aspect The 
work is well adapted to its end. It is worthy of the attention of students of human nature. — 
Scotssaetss. 

“ The volume is heavy to hold, but light to read. Though the author has treated his subject 
exhaustively, he writes in a popular and pleasant manner that renders it attractive to the general 
reader."— Punch. 

Pneumatics and Acoustics* 

PNEUMATICS : including Acoustics and the Phenomena of Wind 
Currents, for the U9e of Beginners. By Charles Tomlinson, F.R. 5 ., 
F.C.S., &c. Fourth Edition, Enlarged. With numerous Illustrations, 
xamo, is. 6 d. cloth. [Just published . 

" Beginners in the study of this important application of science could not have a better manual." 
— Scotsman. 

" A valuable and suitable text-book for students of Acoustics and the Phenomena of Wind 
Currents "Schoolmaster. 

Conchology. 

A MANUAL OF THE MOLLUSCA : Being a Treatise on Recent 
and Fossil Shells. By S. P. Woodward, A.L.S., F.G.S., late Assistant 
Palaeontologist in the British Museum. Fifth Edition. With an Appendix 
on Recent and Fossil Conchological Discoveries , by Ralph Tats A.L.S., 
F.G.S. Illustrated by A. N. Waterhouse and Joseph Wilson Lowry. 
With *3 Plates and upwards of 300 Woodcuts. Crown 8vo, ys. 6 d. cloth 
boards. 

** A most valuable storehouse of conchological and geological Informati on. "’-Science Gossip. 

Astronomy. 

ASTRONOMY. By the late Rev. Robbkt Main, M. A. , F.R.S., 
formerly Radclxffe Observer at Oxford. Third Edition, Revised and Cor- 
rected to the present time, by William Thynne Lynn, B.A., F.R.A.S,, formerly 
of the Royal Observatory, Greenwich. i2mo, 2 s. cloth limp. 

“ A sound and simple treatise, very carefully edited, and a capital book for beginners."— 
Knowledge. 

“Accurately brought down to the requirements of the present time by Mr. Lynn.."— Edu- 
cational Timet . 

Geology. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 
AND HISTORICAL. Consisting of “ Physical Geology ” which sets forth 
the leading Principles of the Science ; and “ Historical Geology," which 
treats of the Mineral and Organic Conditions of the Earth at each successive 
epoch, especial reference being made to the British Series of Rocks. By 
Ralph Tate, A.L.S., F.G.S., &c., &c. With 250 Illustrations, xamo, 52. 
cloth boards. 

M The Etlnos of die matter has elevated die book into a manual. Its Information Is exhaustive 
and well arranged."— School Board Chronicle* 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or, Geology and 
Genesis : their Perfect Harmony and Wonderful Concord. By Georgs W* 
Victor ls Vaux. Numerous Illustrations, reap. 8vo, 5s. cloth. 

“ Avaluable contribution to the evidences of Revelation, and disposes very conclusively of the 
arguments of those who would set God's Works against God's Word. No real difficulty it shirked* 
mad no sophistry Is loft umxpos*d. ,t -~The Rock. 

“ The remarkable peculiarity of this author is that he combines an unbounded admiration of 
science with an unbounded admiration of the Written record. The two Im puls es are balanced to 
a nicety ; and the consequence is that difficulties, which to minds less evenly poised would basest* 
oua, End immediate sohmons of the happiest kings. '—London Review. 
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DR. LARDHER'S HAHDB00K8 OF NATURA L PHILOSOPHY. 

THE HANDBOOK OF MECHANICS. Enlarged and almost re- 
written by Benjamin Lokwv, F.R.A.S. With 378 Illustration*. Poet Svo, 
6s. cloth. 

" The perspicuity of tbe-original has been retained, and chapters which had become obsolete 
have been replaced by others of more modern character. The explanations throughout are 
studiously popular, and care has been taken to show the application of the various branches of 
physics to the industrial arts, and to the practical business of Hf ''—Mining Journal. 

“Mr. Loewy has carefully revised the book, and brought it up to modern requirements.” — 
Nature, 

" Natural philosophy has had few exponents more able or better skilled In the art of popu- 
larising the subject than Dr, Lardner ; and Mr. Loewy is doing good service in fitting this treatise, 
and the others of the series, for use at the present ti u*."~Sa>tsman. 

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 
New Edition, Revised and Enlarged, by Benjamin Loewy, F.R.A.S. With 
236 Illustrations. Post 8vo, 5s. cloth. 

“For those 'who desire to attain an accurate knowledge of physical science without the pro- 
found methods of mathematical investigation,' this work is not merely intended, but well adapted.’’ 
— Chemical News. 

“ The volume before us has been carefully edited, augmented to nearly twice the bulk of the 
former edition, and all the most recent matter has been added. . . . It is & valuable text-book." 
— Nature. 

" Candidates for pass examinations will find it, we think, specially suited to their requirements.” 
English Mechanic, 

THE HANDBOOK OF HEAT , Edited and almost entirely re- 
written by Benjamin Loewy, F.R.A.S., &c. 117 Illustrations. Post 8vo, 6 j. 
cloth. 

*' The style Is always clear and precise, and conveys instruction without leaving any cloudiness 
or lurking doubts behind .'’•"-Engineering. 

“A most exhaustive book on the subject on which it treats, and is so arranged that it can be 

understood by all who desire to attain an accurate knowledge of physical science Mr. 

Loewy has included all the latest discoveries in the varied laws and effects of heat "Standard, 

“A complete and handy text-hook for the use of students and general readers ."— English 
Mechanic. 

THE HANDBOOK OF OPTICS. By Dionysius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. New Edition. Edited by T. Olver Harding, B.A. Lond., 
of University College, London. With 298 Illustrations. Small 8vo, 448 
pages, 5s. cloth. 

Meehanic^lt^^inf * b,CSt En * lish *cienti$c writers, beautifully and elaborately fflostrated,*' 

THE HANDBOOK OF ELECTRICITY , MAGNETISM , AND 
ACOUSTICS. By Dr. Lardner. Ninth Thousand. Edit, by George Carey 
Foster, BA., F.C.S. With 400 Illustrations. Small 8vo, 5 s. cloth. 

..“The book could not have been entrusted to anyone better calculated to preserve the terse and 
“ , d while correcting his errors and bringing up his work to the present state of 

scientific knowledge. — Popular Science Review. 

V* The above Five Volumes , though each is Complete in itself, form A Com- 
plete Course op Natural Philosophy. 

Dr. Lardner’s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Companion 

to the “ Handbook of Natural Philosophy.’’ By Dionysius Lardner, D.C.L., 


100 Woodcuts. In One VoLJ small 8vo, 550 pages, "9s* 6d. cloth. 

A __ “ Probably no other book contains the same amount of information in so compendious and writ- 
arranged a form— certainly none at the price at which this is offered to the oubUc."— kA thenamnk. 
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THE MUSEUM OF SCIENCE AND ART . Edited by 

Dionysius Labdker, D.C.L.. formerly Professor of Natural Philosophy and 

Astronomy in University College, London. With upwards of 1,200 Engrav- 
ings on wood. In 6 Double Volumes, £1 is., in a new and elegant doth bind* 
ing ; or handsomely bound in half-morocco, 31s. 64. 

Contents : 

The Planets : Are they Inhabited Worlds t— motive — Th e rmomet e r — New Planets : La- 
Weather Prognostics — Popular Fallacies in verrier and Adams's Planet— Magnitude and 
Questions of Physical Science— Latitudes and Minuteness— Common Things: The Almanack 
Longitudes — Lunar Influences — Meteerlc — Optical Images— How to observe the Heavens 
Stones and ShootingSt&rs— Railway Accidents — Common Things : The Looking-glass -r 
— Light— Common Things : Air— Locomotion Stellar Universe— The Tides— Colour— Com- 
In the United States— Cometary Influences— mon Things: Man— Magnifying Glasses— In- 
Common Things : Water— The Potter’s Art— stinct and Intelligence— The Solar Microscope 
Common Things : Fire — Locomotion and —The Camera Luctda— The Magic Lantern- 
Transport, their Influence and Progress— The j The Camera Obscure— The Microscope— The 
Moon— Common Things: The Earth — The I White Ants : Their Manners and Habits— The 
Electric Telegraph — Terrestrial Heat— The Surface of the Earth, or First Notions of 
Sun— Earthquakes and Volcanoes— Barometer, Geography— Science and Poetry— The Bee- 
Safety Lamp, and Whitworth’s Micrometric Steam Navigation — Electro-Motive Power- 
Apparatus— Steam— The Steam Engine— The Thunder, Lightning, and the Aurora Borealis 
Eye— The Atmosphere — Time — Common —The Printing Press— The Crust of the Earth 
Things: Pumps — Common Things : Spectacles, —Comets— The Stereoscope— The Pre-Adam- 
the Kaleidoscope — Clocks and Watches — lte Earth— Eclipse*— Sound. 

M i cr oscopic Drawing and Engraving— Loco* 

%* Opinions or the Press. 

"This series, besides affording popular but sound instruction on scientific subjects, with which 
the humblest man In the country ought to be acquainted, also undertakes that teaching of 'Com- 
te. Many thousand copies of 

, - that the desire for instruction 

r „ r __ . t such enlightened faith will meet with 

disappointment. ”— Times, 

“ A cheap and interesting publication, alike informing and attractive. The papers combine 
subjects of Importance and great scientific knowledge, considerable inductive powers, and a 
popular style of treatment.” — Sjxetator. 

"The 'Museum of Science and Art' is the most valuable contribution that has ever been 
made to the Scientific Instruction of every class of society.’’— Sir DAVID BREWSTER, in the 
North British Review. 

** Whether we consider the liberality and beauty of the illustrations, the charm of the writing, 
or the durable interest of the matter, we must express our belief that there is hardly to be found 
among the new books one that would be welcomed by people of so many ages and classes as a 
valuable present.”— Examiner. 

\* Separate books formed from the above , suitable for Workmen's Libraries , 
Science Classes, etc. 

Common Thing* Explained. Containing Air, Earth, Fire, Water, Time, 
Man, the Eye, Locomotion, Colour, Clocks and Watches, dec. 233 Illus- 
trations, cloth gilt, 5s. 


scope, ] 
gilt, as. 

Popular Geology* Containing Earthquakes and Volcanoes, the Crust of 
the Earth, Ac, 201 Illustrations, cloth gilt, as. 64. 

popular Phytic*. Containing Magnitude and Minuteness, die Atmo- 
sphere, Meteoric Stones, Popular Fallacies, Weather Prognostics, the 
Thermometer, the Barometer, Sound, Ac, 85 Illustrations, cloth gilt, as. 64. 

Steam and it* Use*. Including the Steam Engine, the Looomotive, and 
Steam Navigation. 89 Illustrations, cloth gilt, as. 

Popular Astronomy, Containing How to observe the Heavens— The 
Earth, Sun, Moon, Planets, Light, Comets, Eclipses, Astronomical Influ- 
ences, Ac. z8a Illustrations, 4*- W. 

The Bee and White Ant* : Their Manners and Habits. With Illustra- 
tions of Animal Instinct and Intelligence. 135 Illustrations, doth gilt, as. 

The Electric Telegraph Popularised. To render intelligible to all who 
can Read, irrespective of any previous Scientific Acquirements, the various 
tonus of Telegraphy in Actual Operation. 100 illustrations, doth gilt, 
j*. 64. 
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Accounts for Manufacturers. 

FACTORY ACCOUNTS : Their Principles and Practice. A 
Handbook for Accountants and Manufacturers, with Appendices on the No- 
menclature of Machine Details; the Income Tax Acts; the Rating of Fac- 
tories; Fire and Boiler Insurance; the Factory and Workshop Acts, &c., 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emile Garcse and j. M. Fells. Second Edition. Demy 8vo, 250 pages, 
price 1 os. 6 d. strongly bound. [Just published . 

"One of the most important works ever published dealing with these matters. The authors 
have treated the subject from the standpoint of the factory, as practical men speaking to practical 
men, and not, as has been too often the ciiSe, as schoolmasters to schoolboys.”— Electrician. 

" A very interesting description of the requirements of Factory Accounts. . . v the principle 
of assimilating the Factory Accounts to the general commercial books is one which we thoroughly 
agree with”— Accountants' Journal. 

"Characterised by extreme thoroughness. There are few owners of Factories who would 
not derive great benefit from the perusal of this most admirable work.”— Local Government 
Chronicle. 

Foreign Commercial Correspondence. 

THE FOREIGN COMMERCIAL CORRESPONDENT: Being 
Aids to Commercial Correspondence in Five Languages— English, French, 
German, Italian and Spanish. By Charles E. Baker. Crown 8vo, price 
about 5s. [In Preparation. 

Intuitive Calculations. 

THE COMPENDIOUS CALCULATOR ; or, Easy and Con- 
cise Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions, together with Useful Tables. By 
Daniel 0 ‘Gorman. Corrected and Extended by J, R. Young, formerly 
Professor of Mathematics at Belfast College. Twenty-sixth Edition, care- 
fully Revised by C, Norris. Fcap. 8vo, 3 s. 6 d. strongly half-bound in leather. 
" It would be difficult to exaggerate the usefulness of a book like this to everyone engaged In 
commerce or manufacturing industry. It is crammed full of rules and formulae for shortening and 
employing calculations."— Knowledge, 

“ Supplies special and rapid methods for all kinds of calculations. Of great utility to persons 
engaged in any kind of commercial transactions.”— Scotsman. 

Modern Metrical Units and Systems. 

MODERN METROLOGY: A Manual of the Metrical Units 


"The author has brought together much valuable and interesting Information. . . . We 
cannot but recommend the work to the consideration of all interested in the practical reform of our 
weights and measures.”— Nature. 

“For exhaustive tables of equivalent weights and measures of all sorts, and for clear demonstra- 
tions of the effects of the various systems that have been proposed or adopted, Mr. Jackson’s 
treatise is without a rival.” — Academy. 


The Metric System and the British Standards. 

A SERIES OF METRIC TABLES, in which the British Stand- 
ard Measures and Weights are compared with those of the Metric System at present 
in Use on the Continent . By C. H. Dowling, C.E. 8vo, zos, 6 d. strongly bound. 
“Their accuracy has been certified by Professor Airy, the Astronomer-Royal,”— if* ilder, 

“Mr, Dowling's Tables are well put together as a ready-reckoner for the conversion of one 
system into the other.**— Athenaeum. 


Iron and Metal Trades* Calculator. 

THE IRON AND METAL TRADES' COMPANION, tor 
expeditiously ascertaining the Value of any Goods bought or sold by Weight, 
from zs. per cwt. to zzas. per cwt M and from one farthing per pound to one 
shilling per pound. Each Table extends from one pound to zoo tons. To 
which are appended Rules on Decimals, Square and Cube Root, Mensuration 
of Superficies and Solids, &c. ; Tables ot Weights of Materials, and other 
useful Memoranda. By Thos. Downik. 396 pp„ 9s. Strongly bound in leather, 
_ ^Ai most usefid sat of tables, and will supply a want, for nothing like them before existed.”— 
tmSutimg News, 

“Although specially adapted to the iron and metal trades, the tables will be found useful in 
every other business ttiddcn merchandise is bought and sold by weight”— Amtoww Akira, 
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Calculator for Numbers and Weights Combined. 
THE COMBINED NUMBER AND WEIGHT CALCU- 
LA TOR, Containing upwards of 250,000 Separate Calculations, showing at 
a glance the value at 421 different rates, ranging from &th of a Penny to 96$. 
each, or per cwt., and £20 per ton, o t any number of articles consecutively, 
from 1 to 470.— Any number of cwts., qrs., and lbs., from 1 cwt, to 470 cwts.— 
Any number of tons, cwts., qrs., and lbs., from 1 to 23I tons. By Wiwliam 
Chadwick, Public Accountant. Imp. 8vo, 305, strongly bound for Office wear 
and tear. 

fStr This comprehensive and entirely unique and original Calculator is adapted 
for the use of Accountants and Auditors, Railway Companies, Canal Companies , 
Shippers , Shipping Agents , General Carriers , etc. Ironfounders, Brass founders. 
Metal Merchants, Iron Manufacturers, Ironmongers, Engineers f Machinists , Boiler 
Makers, Millwrights, Roofing , Bridge and Girder Makers, Colliery Proprietors , etc. 
Timber Merchants, Builders, Contractors, Architects , Surveyors, Auctioneers , 
Valuers, Brokers, Mill Owners and Manufacturers, Mill Furnishers , Merchants and 
General Wholesale Tradesmen. 

*#* Opinions or the Press. 

“The book contains the answers to questions, and not simply a set of ingenious puzzle 
methods of arriving at results. It is as easy of reference for any answer or any number of answers 
as a dictionary, and the references are even more quickly made. For making up accounts or esti- 
mates, the book must prove invaluable to all who nave any considerable quantity of calculations 
involving price and measure in any combination to d.o."—lingiH£tr. 

“ The most complete and practical ready reckoner which it has been our fortune yet to see. 
It is difficult to imagine a trade or occupation in which It could not be of the greatest use, either 
in saving human labour or in checking work." — The Miller . 

“ The most perfect work of the kind yet prepared." — Glasgow Herald. 

Comprehensive Weight Calculator* 

THE WEIGHT CALCULATOR . Being a Series of Tables 

upon a New and Comprehensive Plan, exhibiting at One Reference the exact 
Value of any Weight from 1 lb. to 15 tons, at 300 Progressive Rates, from id. 
to 1685. per cwt., and containing 186,000 Direct Answers, which, with their 
Combinations, consisting of a single addition (mostly to be performed at 
sight), will afford an aggregate of 10,266,000 Answers ; the whole being calcu- 
lated and designed to ensure correctness and promote despatch. By Henry 
Harben, Accountant. Fourth Edition, carefully Corrected. Royal 8vo, 
strongly half-bound, £1 5s. [Just published. 

“ A practical and useful work of reference for men of business generally ; it is the best of the 
kind we have seen."— Ironmonger, 

“Of priceless value to business men. Its accuracy and completeness have secured for it a 
reputation which renders It quite unnecessary for us to say one word in its praise. It is a necessary 
book in all mercantile offices ." — Shield Independent. 

Comprehensive Discount "Guide* 

THE DISCOUNT GUIDE . Comprising several Series of 
Tables for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact Profit arising from any mode of nsing 
Discounts, either in the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any required profit after allowing one or 
more Discounts : to which are added Tables of Profit or Advance from if to 
90 per cent, Tables of Discount from x£ to 98! per cent., and Tables of Com- 
mission, &c., from | to 10 per cent. By Henry Harben, Accountant, Author 
of 41 The Weight Calculator.” New Edition, carefully Revised and Corrected, 
Demy 8vo, 544 pp, half-bound, £ r $s. 

“ A book such as this can only be appreciated by business men, to whom the saving 1 of time 
means saving of money. We have the ntgh authority of Professor T. R. Young that the table* 
throughout the work are constructed upon strictly accurate principles. The work must prove 
of great value to merchants, manufacturers, and general traders,"-- British Trade Journal. 

Iron Ship builders’ and Merchants’ Weight Tables. 
IRON-PLATE WEIGHT TABLES: For Iron Shipbuilders, 
Engineers and Iron Merchants . Containing the Calculated Weights of up- 
wards of 150.000 different sizes of Iron Plates, from 1 foot by 6 in. by 1 in. to 
to feet by 5 feet by 1 in. Worked out on the basis of 40 lbs. to the square 
foot of Iran of z inch in thickness. Carefully compiled and thoroughly Re- 
vised by H. Bvrmnbom and W. H. Simpson, Oblong 4% ass, halt-bound. 
“This work will be foand of great Utility. The authors have had muck practical experience 
of whattowantiag in making estimate*; and the use of the book wiil aavsa touch time la making 
elaborate calculations. —English Mechanic, 
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Soap~maJcing, 

THE ART OF SOAP-MAKING : A Practical Handbook of the 

Manufacture of Hard and Soft Soaps , Toilet Soaps, etc . Including many New 
Processes, and a Chapter on the Recovery of Glycerine from waste Leys. 
By Alexander Watt, Author of 44 Electro- Metallurgy Practically Treated,” 
&c. With numerous Illustrations. Third Edition, Revised. Grown 8vo, 
75. 64 . cloth. 

“The work will prove very useful, not merely to the technological student, but to the practical 
soap-boiler who wishes to understand the theory of his art, "—Chemical News. 

* ‘Really an excellent example of a technical manual, entering, as it does thoroughly and 
exhaustively both into the theory and practice of soap manufacture. The book is well and honestly 
done, and deserves the considerable circulation with which it will doubtless meet.” — Knowledge. 

treatise on an art which has almost no literature in 
v ~ success of his endeavour to fill a void in English 


“Mr. Watt's book is a thoroughly practical tre 
language. We congratulate the author on the 
rnical literature,” — Nature. 


our _ 
technical 

Leather Manufacture . 

THE ART OF LEATHER MANUFACTURE . Being a 

Practical Handbook, in which the Operations of Tanning, Currying, and 
Leather Dressing are fully Described, and the Principles of Tanning Ex- 
plained, and many Recent Processes introduced; as also Methods for the 
Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gut 
Dressing, &c. By Alexander Watt, Author of 44 Soap-Making," 44 Electro- 
Metallurgy/* &c. With numerous Illustrations. Second Edition. Crown 
8vo, 9s. cloth. [Just published. 

“A sound, comprehensive treatise on tanning and its accessories. The book is an eminently 
valuable production, which redounds to the credit of both author and publisher*.’’— tea/ 
Review. 

“This volume Is technical without being tedious, comprehensive and complete without being 
prosy, and It bears on every page the impress of a master hand. We have never come across a 
better trade treatise, nor one that so thoroughly supplied an absolute want ."— Shoe and Leather 
Traded Chronicle . 

Boot and Shoe Making . 

THE ART OF BOOT AND SHOE-MAKING. A Practical 
Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing and 
Making, with a Description of the most approved Machinery employed. 
By John B. Leno, late Editor of St. Crispin, and The Boot and Shoe-Maker . 
With numerous Illustrations. Second Edition. Crown 8vo, as. 6d. cloth. 

" This excellent treatise is by far the best work ever written on the subject* ^new work* 
embracing all modem Improvements, was much wanted. This want is now satisfied. The chapter 
on clicking, which shows how waste may be presented, will save fifty times tho price of the book.” 
—Scottish Leather Trader. 

“ This volume is replete with matter well worthy the perusal of boot and shoe manufacturers, 
and experienced craftsmen, and instructive and valuable in the highest degree to all young 
beginners and craftsmen in the trade of which it treats."— Leather Trades' Circular. 

Dentistry . 

MECHANICAL DENTISTRY: A Practical Treatise on the 

Construction of the various kinds of Artificial Dentures . Comprising also Use- 
ful Formula, Tables and Receipts for Gold Plate, Clasps, Solders, &c. &c. 
By Charles Hunter. Third Edition, Revised. With upwards of zoo 
Wood Engravings. Crown 8vo, 3s. 64 , cloth. [Just published. 

" The work is very practical.”— Monthly Review of Dental Surgery. 

“ We can strongly recommend Mr. Hunter’s treatise to all students preparing for the profession 
of de ntistry, as well as to every mechanical dentist. '—Dublin Journal qf Medical Science. 

Wood Engraving. 

A PRACTICAL MANUAL OF WOOD ENGRAVING. With 
a Brief Account of the History of the Art. By William Norman Brown. 
With numerous Illustrations. Crown 8vo, «. cloth. 

The author deals with the subject in a thoroughly practical and easy series of representative 
****?£?:. ~-, Pa **r and Printing Trades Journal. 

The hook Is clear and complete, and will be useful to anyone wanting to understand the first 
moments of the beautiful art of wood engraving.”— Grw/Afc, 

Paper Making* 

A TREATISE ON PAPER ; with an Outline of its Manufacture , 
Complete Tables of Sixes, etc. For Printers and Stationers. By Richardson 
Parkinson. 8 vo, «. cloth ; or. 64 . paper wrapper, 

admirable handbook by a man who understands his subject "—Printer? Register, 
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LOCKWOOD'S HANDYB00K8 FOR HANDICRAFTS. 

1 3P These Handy books are written to supply Handicraftsmen with infam 
tion on workshop practice , and are intended to convey , in plans language, tschnii 
knowledge of the several crafts. Workshop terms are used, and workshop pract 
described, the text being freely illustrated with drawings of modern tools , appliatu. 
and processes, useful alike to the young beginner and to the old hand, whose ran, 
of experience has been narrowed under a system of divided labour, as well as 
amateurs. 

SSr The following Volumes are already published. 

Metal Turning. 

THE METAL TURNER’S HANDYBOOK. A Practical Menu 
for Workers at the Foot-Lathe: Embracing Information on the Tool 
Appliances and Processes employed in Metal Turning. By Paul N. Ha< 
luck, A.l.M.E., Author of “ Lathe-Work,” With upwards of One Hundre 
Illustrations. Second Edition, Revised. Cr. Svo, 2 s. cloth. [Just publish* 

“ Altogether admirably adapted to initiate students into the art of turning.”— Leicester Past. 

“ Clearly and concisely written, excellent In every way, we heartily commend it to all interests 
in metal turning /’— Mechanical World. 

“ With the assistance of a clever master, a dear and vivid expounder, and an abundance c 
illustrations, the work lets handicraftsmen know what are the resources of the turning-lathe and hoi 
these may be developed."— Dundee Advertiser. 

Wood Turning . 

THE WOOD TURNER’S HANDYBOOK. A Practical Manua> 

for Workers at the Lathe : Embracing Information on the Tools, Appliances 
and Processes Employed in Wood Turning. By Paul N. Hasluck, A.l.M.E., 
Author of " Lathe-Work,” “The Metal Turner’s Handybook,” &c. With 
upwards of One Hundred Illustrations. Crown 8vo, as , cloth. [Just published. 
M The volume Is well and clearly written in a lucid style, and all the instructions are fblly given. 
It will be found of great value to workmen and amateurs, and forms a safe and reliable guide to 
every branch of the lathe manipulation.’’— Carpenter and Builder . 

** An excellent manual for workers at the lathe .” — Glasgow Herald. 

“We recommend the book to young turners and amateurs. A multitude of workmen have 
hitherto sought In vain for a manual of this special industry .”— Mechanical World. 

Watch Mepairing. , 

THE WATCH JOBBER'S HANDYBOOK. A Practical Manual 

on Cleaning, Repairing and A djusting . Embracing Information on the Tools, 
Materials, Appliances and Processes Employed in Watchwork. By Paul N, 
Hasluck, A.I.M.E., Author of “ Lathe-Work,” “The Metal Turner's Handy- 
Book.” “The Wood Turner’s Handybook,’’ &c. With upwards of One 
Hundred Illustrations. Crown 8vo, as. cloth. [Just published. 

Written in a clear style exactly suited to beginners and amateurs. We heartily recommend 
it .” — Practical Jingitteer. 

“ We recommend it to craftsmen in watchmaking as a useful and well-written grammar of their 
art.”— Scotsman. 

“ AJl young persons connected with the trade should acquire and study this excellent, and at 
the same time, Inexpensive work." — CUrkcnvtcU Chronicle. 

Pattern Making. 

THE PATTERN MAKER'S HANDYBOOK. A Practical 
Manual, embracing Information on the Tools, Materials and Appliances em- 
ployed in Constructing Patterns for Founders. By Paul K. Hasluck, 
A.l.M.E. With One Hundred Illustrations. Cr. 8vo, as. cloth. CJwf published . 
“ Mr. Hasluck't * Lathe Work * and kindred productions have acquired a high reputation. 
His new volume, ‘ Pattern Making/ contains invaluable advice, and furnishes the studious workmen 
with a very large amount of practical information/' — Lloyd's News, 

" Especially useful to the beginner. We commend it to all who Are interested in the counsels 
it so ably gives/*— Colliery Guardian. 

“This handy volume contains sound information of considerable value to students and 
artificers.’’— Hardware Trade Journal. 

Mechanical Manipulation. 

THp MECHANIC'S WORKSHOP HANDYBOOK. A Practical 
Manual on Mechanical Manipulation. Embracing Information on various 
Handicraft Processes, with useful Notes and Miscellaneous Memoranda, 
By Paul N. Hasluck, A.l.M.E. Author of 14 Lathe-Work.” “The Metal 
Turner’s Handybook,” “ The Wood Turner’s Handybook “* Crown Svo, 
- ^ [Just ready. 
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Electrolysis of Gold, Silver, Copper, etc. 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis 
of Gold , Silver, Copper , Nickel , and other Metals and Alleys, With descrip- 
tions ot Voltaic Batteries, Magnet and Dynamo-Electric Machines, Ther- 
mopiles, and of the Materials and Processes used in eve™ Department of 
the Art, and several Chapters on ELECTRO-METALLURGY. By Alex- 
ander Watt, Author of ** Electro-Metallurgy,” &c. With numerous Illus- 
trations. Second Edition, Revised and Corrected. Crown 8vo, 9s. cloth. 

(Just published. 

“Evidently written by a practical man who has spent a lone period of time in electro-plate 
workshops. The information given respecting the details of workshop manipulation is remarkably 
complete. . . . Mr. Watt's book will prove of great value to electro«deposltors, jewellers, and 
various other workers in metaL” — Nature. 

“ Eminently a book for the practical worker in electro-deposidon. It contains minute and 
practical descriptions of methods, processes and materials as actually pursued and. used in the 
workshop. Mr. Watt’s book recommends itself to all interested in its subjects."— Engineer. 

Electro-Metallurgy. 

ELECTRO-METALLURGY ; Practically Treated. By Alexander 
Watt, F.R.S.S.A, Eighth Edition, Revised, with Additional Matter and 
Illustrations, including the most recent Processes, iamo, 3s. 6 d. cloth boards. 
"From this book both amateur and artisan may learn everything necessary for the successful 
prosecution of electroplating. Iron. 

Electroplating. 

ELECTROPLATING : A Practical Handbook. By J. W. Urqu- 
hart, C.E. With numerous Illustrations. Crown 8vo, 5s. cloth. 

"The information given appears to be based on direct personal knowledge. . . Its science 

fs sound and the style is always clear. "—A thtnaum 

Electrotyping. 

ELECTROTYPING : The Reproduction and Multiplication of Print- 
ing Surfaces and Works of Art by the Electro-deposition of Metals. By J. W. 
Urquhart, C.E. Crown 8vo, 5 s. cloth. 

" The book is thoroughly practical. The reader Is, therefore, conducted through the leading 
laws of electricity, then through the metals used by electrotypers, the apparatus, and the depositing 
processes, up to the final preparation of the work." — Art Journal. 

"We can recommend this treatise, not merely to amateurs, but to those actually engaged in the 
trade.”— Chemical News. 

Goldsmiths’ Work. 

THE GOLDSMITH'S HANDBOOK. By George E. Gee, 
Jeweller, &c. Third Edition, considerably Enlarged. ramo, 3s. id. cloth 

_ ''A good, sound, technical educator, and will be generally accepted as an authority. It exactly 

fulfils the purpose intended . ’ '—Horological Journal. 

"Will speedily become a standard book which few will care to be without . Jeweller and 
Metalworker. 

Silversmiths’ Work. 

THE SILVERSMITH'S HANDBOOK. By George E. Gee, 
Jeweller, &c. Second Edition, Revised, with numerous Illustrations, xamo, 
3*. 6 d. cloth boards. 

"The chief merit of the work is its practical character. . . . The workers In the trade will 
Speedily discover its merits when they sit down to study it."— -English Mechanic. 

" This work forms a valuable sequel to the author's ' Goldsmith's Handbook.’ "Silversmiths 
Trade Journal. 

%* The above two works together, strongly half-bound , price 7 s. 

Textile Manufacturers’ Tables. 

UNIVERSAL TABLES OF TEXTILE STRUCTURE. 
For the use of Manufacturers in every branch of Textile Trade, By Joseph 
Edmondson. Oblong folio, strongly bound in cloth, price 7s. 6d. 

The principle on which the tables are founded is well known , and much 
used ut the muslin manufacture, but the intricacy of the calculations hitherto 
yA uxr fd (especially where warp and weft differ in counts and in the closeness of the 
ZHZl 5 ) *** prevented its general application. By these tables a Uthe adjustments 
ntay be made without calculation. Mere references to the proper places bring out 
*** required information. ■ 

immense labour has been bestowed on the work by the author. The tables are adapted to 
JgJ^w^numberiag yams and setts, and apply to all the branches of textile manufacture."— 

* * & 
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Horology. 

A TREATISE ON MODERN HOROLOGY, in Theory and Prac ■ 
tice. Translated from the French of Claudius Saukxbr, ex-Director of the 
School of Horology at Macon, by Julien Tripplin, F.R.A.S., Besancon 
Watch Manufacturer, and Edward Riog, M.A., Assayer in the Royal Mint. 
With Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates. 
Second Edition. Super-royal 8vo, £2 2$. cloth, £2 zos. half-calf. 


There I® wo horological work In the English language at all to be compared to this produc- 
tion of M. Saunier s for clearness and completeness. It is alike good as a guMe for the student and 
as a reference for the experienced horologist and skilled workman. "—Horological Journal. 

“ The latest, the most complete, and the most reliable of those literary productions to which 

— «--»-»—• * ■ ---• * r V English brethren 

and Silver smith. 

.. — ... «..« contributions to the 

literature 01 horological art and science ever produced, and cannot be too highly commended. It 
is a perfect cyclopedia of watch and clockmaking ."— The Coventry H atch and Clockmaker . 


Watchmaking . 

THE WA TCHMA KER ’S HA NDBOO K. Intended as a Work- 
shop Companion for those engaged in Watchmaking and the Allied Mechani- 
cal Arts. Translated from the French of Claudius Saunier, and consider- 
ably Enlarged by Tulien Tripplin, F.R. A.S., Vice-President of the Horologi- 
cal Institute, and Edward Rigg, M.A., Assayer in the Royal Mint With 
Numerous Woodcuts and Fourteen Copper Plates. Second Edition, Revised. 
With Appendix. Crown 8vo, 9s. cloth. published. 


conci 

book intended for the use of a workman. Should be found in every workshop.”— Watch and 
Clockmaker. 

" This book contains an immense number of practical details bearing on the daily Occupation 
of a watchmaker, and it will be found of great use to an army of workers, ’ Watchmaker and 
Metal-worker (Chicago). 


CHEMICAL MANUFACTURES & COMMERCE. 

The Alkali Trade, Sulphuric Acid, etc. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. 
By John Lomas, Alkali Manufacturer, Newcastle-upon-Tyne ana London, 
with 232 Illustrations and Working Drawings, and containing 390 pages of 
Text. Second Edition, with Additions. Super-royal 8vo, £1 10 $. cloth. 

"This book is written by a manufacturer for manufacturers. The working details of the moot 


" The author is not one of those clever compilers who, on short notice, will 'read up 'any conceiv- 
able subject, but a practical man in the best sense 01 the word. We find here not merely a sound 
and luminous explanation of the chemical principles of the trade, but a notice of numerous matters 
which have a most important bearing on the successful conduct of alkali works, but which are 
generally overlooked by even the most experienced technological authors ." — Chemical Review. 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wriqht, B.A. Crown 8vo, 3J. «. cloth. 

" This little volume, containing such a large amount of good sense In so small a compass, ought 
to recommend Itself to every brewery pupil?'— Brewers ' Guardian, •> 


Commercial Chemical Analysis. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA - 
LYSIS ; or. Practical Instructions for the determination of the Intrinsic or 
Commercial Value of Substances used in Manufactures, in Trades, and in the 
Arts. By A. Normandy, Editor of Rose’s “Treatise on Chemical Analysis.* 1 
New Edition, to a great extent Re-written by Hbmxy M. No ad, Fh.D., 
F.R.S. With numerous Illustrations. Crown 8vo, xat, 6 d. cloth. 

We strongly recommend this book to our readers as a guide, alike indispensable to the house- 
wife as to Urn pharmaceutical practitioner, ’ '—Medical Timex, 

"Essential to the analysts appointed under the new Act. The most recent results ate given, 
and the work is well edited and carefiUly written.”-^ Nature. 
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Dye-Warea and Colours. 

THE MANUAL OF COLOURS AND DYE-WARES: Their 

Properties, Applications ^Valuation, Impurities, and Sophistications. For the 
use of Dyers, Printers, Drysaltery Brokers, &c. By J, W. Slater* Second 
Edition, Revised and greatly Enlarged. Crown 8vo, 7 s. 6 d. cloth. 

“ A complete encyclopaedia of the materia Hnctoria. The information given respecting each 
article is foil and precise, and the methods of determining the value of articles such as these, so 
liable to sophistication, are given with clearness, and are practical as well as valuable /' — Chemist 

and Druggist, 

u There is no other work which covers precisely the same ground. To students preparing 
for examinations in dyeing and printing It will prove exceedingly useful.”— Chemical News. 

Pigment 8. 

THE ARTIST'S MANUAL OF PIGMENTS. Showing 
their Composition, Conditions of Permanency, Non- Permanency, and Adul- 
terations; Effects in Combination with Each Other and with Vehicles ; and 
the most Reliable Tests of Purity, Together with the Science and Arts 
Department’s Examination Questions on Painting. By H. C. Standage. 
Second Edition, Revised. Small crown 8vo, 25. 6d. cloth. [Just published. 
" This work is indeed multum-in-parvo, and we can, with good conscience, recommend it to 
all who come hi contact with pigments, whether as makers, dealers or users.” — Chemical Review. 

14 This manual cannot fau to be a very valuable aid to all painters who wish their work to 
endure and be of a sound character ; it is complete and comprehensive.”— Spectator. 

*' The author supplies a great deal of very valuable information and memoranda as to the 
chemical qualities and artistic effect of the principal pigments used by painters.”— Builder. 

Gauging. Tables and Mules for Mevenue Officers, 

Brewers, etc. 

A POCKET BOOK OF MENSURATION AND GAUGING : 

Containing Tables, Rules and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c. By J. B. Mant (Inland Revenue). Oblong i8mo, 4s. 
leather, with elastic band. [Just published. 

44 This handy and useful book Is adapted to the requirements of the Inland Revenue Depart- 
ment. and will be a favourite book of reference. The range of subjects is comprehensive, and the 
arrangement simple and clear. ” — Civilian . 

"A most useful book. It should be in the hands of every practical brewer.”— Brewers' 
Journal. 
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Agricultural Facts and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrose McConnell, 
Follow of the Highland and Agricultural Society ; late Professor of Agricul- 
ture, Glasgow Veterinary College. Third Edition. Royal 32010, full roan, 
gilt edges, with elastic bond, 45. 

“ The most complete and comprehensive Note-book for Fanners and Farm Students that wo 
have seen. It Uterafiy teems with Information, and we can cordially recommend it to all connected 
with agncult ure. ' *— North British Agriculturist. 

Youatt and Burn's Complete Crazier. 

THE COMPLETE GRAZIER, and FARMER’S and CATTLE - 
BREEDERS ASSISTANT . A Compendium of Husbandry; especially in 
the departments connected with the Breeding, Rearing, Feeding.and General 
Management of Stock ; the Management of the Dairy, &c. With Directions 
for the Culture and Management of Grass Land, of Grain and Root Crops, 
the Arrangement of Farm Offices, the use of Implements and Machines, ana 
on Draining, Irrigation, Warping, &c. ; and the Application and Relative 
Value of Manures. By William Youatt, Esq., V.S. Twelfth Edition, En- 
larged by Robert Scott Burn, Author of “ Outlines of Modem Farming," 
11 Systematic Small Farming," &c. One large 8vo volume, 860 pp., with 344 
Illustrations, /1 is. half-bound. 

“The standard and text-book with the former end glider .”— Farmers MagatHm. 

“A treatise which will remain a standard work on the subject as long as British agriculture 
endures."— Mark Lane Undress (First Notice). 

M The book deals with all departments of agriculture, and contains an tmmanaa amount of 
valuable information. It is, in fact, an encyclopaedia of agriculture put into readable form, and it 
Is only work equally comprehensive brwght down to present date. It is exoollently printed on 
thick paper, and s trongly bound, and deserves a place fat die library of every agriculturist.”— jtfar* 
Lane mftxss (Second Notice). 
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Flour Manufacture, Milling, etc. 

FLOUR MANUFACTURE : A Treatise on Milling Science 
and Practice. By Friedrich Kick, Imperial Regierungsrath, Professor ot 
Mechanical Technology in the Imperial German Polytechnic Institute, 
Prague. Translated from the Second Enlarged and Revised Edition with 
Supplement. By H. H. P. Powlbs, Assoc. Memb. Institution of Civil En- 
gineers. Nearly 400 pp. Illustrated with 28 Folding Plates, and 167 Wood- 
cuts. Royal 8vo, 25s. cloth. [Just published. 

“ This valuable work is, and will remain, the standard authority on the science of milling. . 
The miller who has read and digested this work will have laid the foundation, so to speak, of a suc- 
cessful career ; he will have acquired a number of general principles which he can proceed to 
apply. In this handsome volume we at last have the accepted text-book of modem milling in good, 
sound English, which has little, if any, trace of the German idiom.” — The Miller. 

“ Professor Kick treats the subject so thoroughly both on its theoretical ana practical sides that 
his work is well suited to be a text-book of technical education anywhere.” —Scotsman. 

" The appearance of this celebrated work in English is very opportune, and British millers 
will, we are sure, not be slow in availing themselves of its pages."— Millers' Gazette. 

Small Farming. 

SYSTEMATIC SMALL FARMING; or, The Lessons of my 
Farm. Being an Introduction to Modern Farm Practice for Small Farmers 
in the Culture of Crops ; The Feeding of Cattle ; The Management of the 
Dairy, Poultry and Pigs ; The Keeping of Farm Work Records {The Ensilage 
System, Construction of Silos, and other Farm Buildings ; The Improve- 
ment of Neglected Farms. &c. By Robert Scott Burn, Author of " Out- 
lines of Landed Estates* Management/’ and “ Outlines of Farm Manage- 
ment/* and Editor of “ The Complete Grazier.** With numerous Illustrations, 
crown 8vo, 6s. cloth. 

“This Is the completest book of its class we have seen, and one which every amateur fanner 
will read with pleasure and accept as a guide.' ’—Field. 

" Mr. Scott Burn's pages are severely practical, and the tone of the practical man is feh 
throughout. The book can only prove a treasure of aid and suggestion to the small farmer of 
intelligence and energy. ’ ' — British Quarterly Review, 

“The volume contains a vast amount of useful information. No branch of farming is left 
untouched, from the labour to be done to the results achieved."— Glasgow Herald. 

Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Born. 
Soils, Manures, and Crops — Farming and Farming Economy— Cattle, Sheep, 
and Horses— Management of the Dally, Pigs and Poultry— Utilisation of 
Town-Sewage, Irrigation, &c. Sixth Edition, In One Vol., 1,250 pp., half- 
bound, profusely Illustrated, 12 s. 

“ The aim of the author has been to make his work at once comprehensive and trustworthy, 
and in this aim he has succeeded to a degree ryhich entitles him to much credit.”— MorniHjr 
Advertiser. 

“Eminently calculated to enlighten the agricultural community on the varied subjects of 
which it treats, and hence it should find a place in every farmer’s library." — City Press. 

“ No farmer should be without this book.”— Banbury Guardian. 

Agricultural Engineering. 

FARM ENGINEERING , THE COMPLETE TEXT-BOOK OF. 

Comprising Draining and Embanking; Irrigation and Water Supply ; Farm 
Roads, Fences, and Gates; Farm Buildings, their Arrangement and Con- 
struction, with Plans and Estimates; Bam Implements and Machines: Field 
Implements and Machines ; Agricultural Surveying, Levelling, &c. By Prof. 
John Scott, Editor of the Farmers' Gazette, late Professor of Agriculture 
and Rural Economy at the Royal Agricultural College, Cirencester, to to 
In One Vol., 1,150 pages, half-bound, with over 600 Illustrations, 12s. 

“Written with great care, as well as with knowledge and ability. The author has done his 
work well ; we have found him a very trustworthy guide wherever we have tested his statements. 
The volume will be of great value to agricultural students,”— Mark Lane Express, 

“For a young agriculturist we know of no handy volume so likely to be more useftiQy studied,' 
—Bed’s Weekly Messenger. 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN : A Text-Book of 
* Agriculture, adapted to the Syllabus of the Science and Art Department. 
For Elementary and Advanced Students. By Huqh Clements (Board of 
Trade). r8mo, 2s. td. cloth. 

“A most comprehensive volume, giving a mass of Information,” — Agricultural Eco n o mist . 

"It Is a tong time since we have seen a book which has pleased us more, or which contains 
such a vast ancfusefUl ftmd of knowledge. "—Educational Times , 
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Farm and Estate Book-keeping . 

BOOK-KEEPING FOR FARMERS ESTATE OWNERS 
A Practical Treatise, presenting, in Three Plans, a System adapted to all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. Crown 
8vo, 3$. 6d. cloth. ... 

“ Will be found of great assistance by those who intend to commence a system of book-keep* 
tag, the author's examples being clear and explicit, r and his explanations, while full and accurate, 
being to a large extent free from technicalities,”— Live Stock Journal, 

Farm Account Boole. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving 
a Weekly Labour Account and Diary, and showing the Income and Expen- 
diture under each Department of Crops, Live Stock, Dairy, &c. &c. With : 
Valuation, Profit and Loss Account, and Balance Sheet at the end of the 
Year, and an Appendix of Forms. Ruled and Headed for Entering a Com-^ 
plete Record of the Farming Operations. By Johnson M. Woodman, 
Chartered Accountant, Author of “Book-keeping for Farmers.” Folio, 
7 s, 6d, half-bound. 

“Contains every requisite form for keeping farm accounts readily and accurately." — Agri' 
culture. 

Early Fruits, Flowers and Vegetables* 

THE FORCING GARDEN ; or, How to Grow Early Fruits. 

Flowers, and Vegetables. With Plans, and Estimates for Building Glass- 
houses, Pits and Frames. Containing also Original Plans for Double Glazing, 
a New Method of Growing the Gooseberry under Glass, &c. &c.,andon Venti- 
lation, Protecting Vine Borders, &c. With Illustrations. By Samuel Wood. 
Crown 8vo, 3 *• 6a. cloth. 

•• Mr. Wood's book is an original and exhaustive answer to tne question ‘How to Grow Early 
Fruits, Flowers and Vegetables t "--Land and Water, 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or. Howto Grow 
Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures, 
Seeds, Planting, Laying-out of Gardens and Grounds, Ac. By S. Wood. 
Third Edition, with cqpsiderable Additions, &c., and numerous Illustrations. 
Crown 8vo, 5s. cloth. 

“A very good book, and one to be highly recommended as a practical guide."— Athenaeum. 

“ May be recommended to young gardeners, cottagers, and specially to amateurs, for the plain 
and trustworthy information it gives on common matters "—Gardeners' Chronicle, 

Gainful Gardening . 

MULTUM-IN-PARVO GARDENING; or, How to make One 

Acre of Land produce £620 a-year by the Cultivation of Fruits and Vegetables ; 
also, How to Grow Flowers in Three Glass Houses, so as to realise £176 per 
annum clear Profit. By Samuel Wood, Author of “Good Gardening,** &c. 
Fourth and cheaper Edition, Revised, with Additions. Crown 8vo, is. sewed. 
“We are bound to recommend it as not only suited to the case of the amateur and gentleman’s 
gardener, but to the market grower.’’ — Gardeners’ Magazine, 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateurs' Complete Guide, With Illustrations. By Samuel Wood. 
Crown 8vo, 3$. 6 d, cloth. 

“Full of shrewd hints and useful instructions, based on a lifetime of experience. 1 *— Scotsman, 

Receipts for Gardeners . 

GARDEN RECEIPTS . Edited by Charles W. Quin, iamo, 

xs. 6d. cloth limp, 

“A useful and handy book, containing a good deal of valuable information, "—A thenantm. 

Kitchen Gardening* 

THE KITCHEN AND MARKET GARDEN. By Contributors 

to 11 The'Garden* ,, Compiled by C. W. Shaw, izmo, 3s. 6 d. cloth boards. 

" The most valuable compendium of kitchen and market-garden work published.**— Farmer. 

Cottage Gardening. 

COTTAGE GARDENING ; or, Flowers , Fruits, and Vegetables for 

Small Gardens, By E. Hobday. 120*0, 11. 6d, cloth limp. 

“Contains much ttsefts Information at a small charge. "—Glasgow Herald. 
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Hudson’s Land Valuer’s Pocket-Book. 

THE LAND VALUER'S BEST ASSISTANT : Being Table* 
on a very much Improved Plan, for Calculating the Value of Estates, With 
Tables for reducing Scotch, Irish, and Provincial Customary Acres to Statute 
Measure, Ac. By R. Hudson, C.E. New Edition. Royal 32010, leather, 
.elastic band, 4s. % 

"This new edition includes tables for ascertaining: the value of leases for any term of years { 
and for showing how to lay out plots of ground of certain acres in forms, square, round. See., with 
valuable rules for ascertaining the probable worth of standing timber to any amount: and Is of 
Incalculable value to the country gentleman and professional man . ' ’ — Farmers Journal. 

Ewart’s Land Improver’s Pocket-Book. 

THE LAND IMPROVER’S POCKET-BOOK OF FORMULAS, 
TABLES and MEMORANDA required in any Computation relating to the 
Permanent Improvement of Landed Property , By John Ewart, Land Surveyor 
and Agricultural Engineer. Second Edition, Revised, Royal 32010, oblong, 
leather, gilt edges, with elastic band, 4 s. 

'* A compendious and handy little volume."— Spectator. 

Complete Agricultural Surveyor’s Pocket-Book. 
THE LAND VALUER’S AND LAND IMPROVER’S COM- 
PLETE POCKET-BOOK. Consisting of the above Two Worki bound to- 
gether. Leather, gilt edges, with strap, 7s. 6 d. 

" Hudson's book is the best ready- reckoner on matters relating to the valuation of land and 
crops, and its combination with Mr. Ewart’s work greatly enhances the value and usefulness of the 
latter-mentioned. ... It is most useful as a manual for reference. ’’ — North of England Farmer, 

Auctioneer 9 s Assistant. 

THE APPRAISER , A UCTIONEER , BROKER , HOUSE AND 
ESTATE AGENT AND VALUERS POCKET ASSISTANT, for the Valua- 
tion for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally; with Prices for Inventories, Ac. By John Whbrlbr, 
Valuer, Ac. Fifth Edition, re-written and greatly extended by C. Norris, 
Surveyor, Valuer, Ac. Royal 32mo, 5s. cloth. 

** A. neat and concise book of reference, containing an admirable and clearly-arranged list of 
prices for inventories, and a very practical guide toMetermine the value of furniture, Ac.”— Standard. 

" Contains a large quantity of varied and useful information as to the valuation for purchase, 
sole, or renewal of leases, annuities and reversions, and of property generally, with prices fc 
Inventories, and a guide to determine the value of interior fittings and other effects.’ '—Builder. 

Auctioneering. 

AUCTIONEERS : Their Duties and Liabilities. By Robert 
Squibbb, Auctioneer, Demy 8vo, 10 s, 6d. cloth. 

"The position and duties of auctioneers treated compendiously and clearly,”— Builder, 

"Every auctioneer ought to possess a copy of this excellent work.”— Ironmonger, 

“ Of great value to the profession. . . . We readily welcome this book from the Act that it 
treat* the subject in a manner somewhat new to the profession,’'— Estates Gazette. 

Guide for Pawnbrokers. 

THE PAWNBROKERS', FACTORS' AND MERCHANTS' 
GUIDE TO THE LAW OF LOANS AND PLEDGES. With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and Criminal, 
as to Loans and Pledges of Goods, Debentures, Mercantile and other Se- 
curities, By H. C. Folkard, Esq., Barrister-at-Law, Author erf “ The Law 
of Slander and Libel,'’ Ac. With Additions and Corrections to 1876. Reap, 
8vo, 3s* 6 d. doth. 

“ This work contains simply everything that requires to be known concerning the department 
ef the lew of which it treats, we can safely commend the book as unique and very nearly perfect" 
•—Iron. 

•• The task undertaken by Mr. Folkard has been very satisfactorily performed. . . . Such ex- 
planations as ere needful have been supplied with greet clearness and with due regard to brevity.” 
City Press. 
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B low to Invest. 

HINTS FOR INVESTORS : Being an Explanation of the Mod# 

of Transacting Business on the Stock Exchange. To which are added Com- 
ments on the Fluctuations and Table of Quarterly Average pricea of Consols 
since 1750. Also a Copy of the London Daily Stock ana Share List By 
Walter M. Playford, Sworn Broker. Crown 8vo, as, cloth. 

*' An Invaluable guide to investors and speculators . "—BulHotAst 

Metropolitan Bating Appeals. 

REPORTS OF APPEALS HEARD BEFORE THE COURT 
OF GENERAL ASSESSMENT SESSIONS, from the Year 1871 to 1885 
By Edward Rydr and Arthur Lyon Ryde. Fourth Edition, brought down 
to the Present Date, with an Introduction to the Valuation (Metropolis) Act, 
1860, and an Appendix by Walter C. Ryde, of the Inner Temple, Barrister- 
at-Law. 8vo, 16s, cloth. 

“ A useful work, occupying a place mid-way between a handbook for a lawyer and a guide to* 
the surveyor. It is compiled by a gentleman eminent in his profession os a land agent, whose spe- 
cialty, it is acknowledged, lies in the direction of assessing property for rating purposes. "—Land 
Agents' Record. K 

Mouse Property. 

HANDBOOK OF HOUSE PROPERTY. A Popular and Practical 

Guide to the Purchase , Mortgage. Tenancy , and Compulsory Sale of Houses and 
Land, including the Law of Dilapidations and Fixtures ; with Examples of 
all kinds of Valuations, Useful Information on Buildings, and Suggestive 
Elucidations of Fine Art. By E. L. Tarbuck, Architect and Surveyor. 
Fourth Edition, lamo, 5s. cloth. published . 

'* The advice is thoroughly practical V'—Xtrw youmal. 

“This is a well-written and thoughtful work. We commend the work to the careful study of aU 
interested in questions affecting houses and land."— Agents' Record (First Notice). 

“ CarefU»y brought uo to date, and much improved by the addition of a division on fine art.' 
—Land Agents' Record (Second Notice) 


Imvood’8 Estate Tables * 

TABLES FOR THE PURCHASING OF ESTATES , Freehold , 
Copyhold, or Leasehold; Annuities , Advowsons, etc. % and for the Renewing of 
leases held under Cathedral Churches, Colleges, or other Corporate bodies, 
for Terms of Years certain, and for Lives : also for Valuing Reversionary 
Estates, Deferred Annuities, Next Presentations, Ac. ; together with Smart's 
Five Tables of Compound Interest, and an Extension of the same to Lower 
and Intermediate Rates. By W. Inwood, axnd Edition, with considerable 
Additions, and new and valuable Tables of Logarithms for the more Difficult 
Computations of the Interest of Money, Discount, Annuities, Ac., by M. Fedor 
Thou an, of the Socidtd Credit Mobilier of Paris, nrao, 8s. cloth. 

“ Those Interested in the purchase and sale of estates, and in the adjustment of compensation 
cases, as well as in transactions in annuities, life insurances, &c„ will find the present edition of 
eminent service*’ —^Engineering. 

M * Inwood's Tables 'still maintain a most enviable reputation. The new issue has been enriched 

Agricultural and Tenant-Bight Valuation. 

THE AGRICULTURAL AND TEN A NT-RIGHT- VALUER’S 
ASSISTANT.' A Practical Handbook on Measuring and Estimating the 
Contents, Weights and Values of Agricultural Produce and Timber, the 
Values of Estates and Agricultural Labour, Forms of Tenant-Right- Valua- 
tions, Scales of Compensation under the Agricultural Holdings Act, z88q. 
£ c * By Tom Bright, Agricultural Surveyor. Author of “The Live 
Stock of North Devon," Ac, Crown 8vo, 3 s. 6d. cloth. [Just published 
“Full of tables and examples in connection with the valuation of tenant-right, estates, labour! 
contents, and weights of timber, and farm produce of ah kinds. The bookls well cateuiatSTo 
assist the valuer in the discharge of his duty/ — Agricultural Gaaette. 

" An eminently practical handbook, full of practical tables and data of undoubted interest and 
value to surveyors and auctioneers in preparing valuations ot ah kinds,**— Parmer. 

« Shows at a glance the value of /and crops, and the cost of seeding, harvesting, Ac. Ac. It 
1* practical and useful handbook, for which we anticipate a very large awe.’*— -A"-"—* - 
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A Complete Epitome of the Laws of this Country* 
EVERY MAN'S OWN LAWYER : A Handy-book of the 
Principles of Law and Equity. By A Barrister. Twenty-fifth Edition. 
Reconstructed, Thoroughly Revised, and much Enlarged. Brought down to 
the end of last Session, ana including careful Digests of — Coroners Act, 1887: 
Probation of First Offenders Act, 1887 ; Margarine Act, 1887; Agricultural 
Holdings (England) Act, 1883 ; Cottage Gardens (Compensation for Crops) Act , 
1887; Bankruptcy Act, 1883 ; Allotments Act , 1887 ; Merchandise Trade Marks 
Act , 1887; 2 ruck Amendment Act, 1887; Water Companies {Regulation of 
Powers) Act, 1887 ; Registration of Deeds of Arrangements Act, 1887. Crown 
8vo, 684 pp., price 6$. 8 d. (saved at every consultation I), strongly bound in 
cloth. [Just published . 

VTHE BOOK WILL BE FOUND TO COMPRISE (AMONGST 
OTHER MATTER)— 

The Rights and Wrongs of Individuals— Mercantile and Commercial Law 
—Partnerships, Contracts and agreements — Guarantees, principals and 
Aghnts— Criminal law— parish Law— county court Law— Game and Fishery 
Laws — Poor men’s Lawsuits— laws of Bankruptcy— Wagers— cheques. Bills 
and Notes— Copyright— Elections and registration— Insurance— libel and 
Slander— marriage and Divorce— Merchant shipping— Mortgages— Settle- 
ments— stock Exchange Practice— trade marks and Patents— Trespass— Nui- 
sances— Transfer of Land— Wills, &c. &c. Also law for Landlord and Tenant 
—master and servant— Heirs— devisees and Legatees— Husband and Wife- 
Executors and Trustees— Guardian and Ward— Married Women and Infants 
—Lender. Borrower and sureties— debtor and creditor— Purchaser and 
Vendor— companies— Friendly societies— Clergymen-Churchwardens— medi- 
cal practitioners— bankers— Farmers-Contractors— Stock Brokers— Sports- 
men— Gamekeepers— Farriers- Horse Dealers— auctioneers— House Agbnts- 
Innkbhphrs— Bakers— Millers— pawnbrokers— Surveyors— Railways and Car- 
riers— Constables— seamen— Soldiers, &c. Sic, 

* ar The following subjects may be mentioned as some of those which have re- 
ceived special attention during the present revision . —Marriage oi British Subjects 
Abroad j Police Constables; Pawnbrokers; Intoxicating Liquors Licensing; 
Domestic Servants; Landlord and Tenant; Vendors and Purchasers; Parlia- 
mentary Elections ; Municipal Elections ; Local Elections ; Corrupt Practices at 
all Elections ; Public Health and Local Government and Nuisances ; Highways ; 
Churchwardens ; Vestry Meetings ; Rates. 

It is believed that the extensions and amplifications of the present edition, 
while intended to meet the requirements of the ordinary Englishman, will also 
have the effect of rendering the book useful to the legal practitioner in the 
country. 

One result of the reconstruction and revision, with the extensive additions 
thereby necessitated, has been the enlargement of the book by nearly a hundred and 
fifty pages, while the price remains as before. 

%,* Opinions of the Press. 

"It is a complete code of English Law, written In plain language, which all can understand. 
.... Should be in the hands ot every business man, and all who wish to abolish lawyers’ bills.”— 

~jf~ gfPggg „ 

"A useful and concise epitome of the law, compiled with considerable care .”— Lem Afaganne . 
•• a concise, cheap and complete epitome of the English law. So plainly written that he who 
runs may read, and he who reads may understand.”— Figaro , 

•* a dictionary of legal facts well put together. The book is a very useful ont ." " Spectator . 

*' A work which has long been wanted, which is thoroughly well done, and which we most 
cordially recommend. ’’ — Sunday Times . 


Private Bill Legislation and Provisional Orders . 
HANDBOOK FOR THE USE OF SOLICITORS AND EN- 
GINEERS Engaged in Promoting Private Acts of Parliament and Provi- 
sional Orders, tor the Authorization of Railways, Tramways, Works for the 
Supply of Gas and Water, and other undertakings of a like character. By 
L. Livingston Macassby, of the Middle Temple, Barrister-at-Law, ana 
Member of the Institution of Civil Engineers; Author of M Hints on Water 
Supply.*' Demy 8vo, 930 pp., price 25s. cloth. [Jus* published, 

" The volume Is a desideratum on a subject which can be only acquired by practical expert 
ence, and the order of procedure in Private Bill Legislation and Provisional Orders is followed, 

— ' 3 and notes will be found of great value to engineers and others professkm- 

of practice .”— Building News. 

„ _ e experience as an engineer and barrister has eminently qualified him tor 

the t ay fc. and enabled him to approach the subject alike from an engineering end legal point or 
view. The volume will be found a great help both to engineers and lawyers engaged in promoting 
Private Acts of Parliament and Provisional Orders ."— Toeal Government Chronicle. 
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LONDON, 1862. 

THE PRIZE MEDAL 

Wat awarded to the Publisher* of 

" WEALE’8 SERIE8." 

A NEW LIST OF 

WEALE’S SERIES 

RUDIMENTARY SCIENTIFIC, EDUCATIONAL, 
AND CLASSICAL. 

Comprising nearly Three Hundred and Fifty distinct works in almost every 
department of Science, Art, and Education , recommended to the notice of 
Architects t B uilders , Artisans, and Students generally, as well as to those interested 

Science Chines, &*c^ 

1ST •• WEALE’S SERIES includes Text-Books on almost every branch of 
Science and Industry, comprising such subjects as Agriculture, Architecture 
and Building, Civil Engineering, Fine Arts, Mechanics and Mechanical 
Engineering, Physical and Chemical Science, and many miscellaneous 
Treatises. The whole are constantly undergoing revision, and new editions, 
brought up to the latest discoveries in scientific research, are constantly 
issued. The prices at which they are sold are as low as their excellence is 
assured.” — American Literary Gazette. 

" Amongst the literature of technical education, Weale’s Series has ever 
[enjoyed a high reputation, and the additions being made by Messrs. Crosby 
Lockwood & Son render the series even more complete, and bring the infor- 
mation upon the several subjects down to the present time. 1 — -Mining 
Journal. 

11 It is not too much to say that no books have ever proved more populal 
with, or more useful to, young engineers and others than the excellent 
treatises comprised in Wbale’s Series.”— Engineer. 

"The excellence of Weale’s Series is now so well appreciated, that it 
would be wasting our space to enlarge upon their general usefulness and 

min* 

" WEALE’S SERIES has become a standard as well as an unrivalled 
collection of treatises in all branches of art and scienc e.”— Public Opinion, 


PHILADELPHIA, 1876. 
THE PRIZE MEDAL 

Was awarded to the Publishers for 

Books : Rudimentary, Scientific, 

“WEALE’S 8ERIE8,” ETG. 
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WEALE’S RUDIMENTARY SERIES. 


WEALE’S RUDIMENTARY SCIENTIFIC SERIES. 


*** The volumes of this Series are freely Illustrated with 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing List it must be understood that the books are bound In 
limp cloth, unless otherwise stated; but the volumes marked 
•with a % may also be had strongly bound in cloth boards for 6 d. 
extra . 

N.D. — In ordering from this List it is teedmmended, as a 
means of facilitating business and obviatiitg error, to quote the 
numbers affix ea to the volumes , as well as the titles and prices , 


CIVIL ENGINEERING, SURVEYING, ETC. 

No. 

31. WELLS AND WELL-SINKING. By John Peo. Swindell, 

-A . R .1 . H, A and G. K- Burnell, C.E. Revised Edition. With a New 
Appendix on the Qualities of Water. Illustrated. 2s. 

35 - THE BLASTING AND QUARRYING OF STONE , for 

Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John Burgoynk, Kart., K.C.B. Illustrated, is. 6d, 

43 * TUBULAR, AND OTHER IRON GIRDER BRIDGES, par- 
ticularly describing the Britannia and Conway Tubular Bridges. By G. 
Drysdalk Dempsey, C.E. Fourth Edition. 2s. 

44. FOUNDATIONS AND CONCRETE WORKS, with Practical 

Remarks on Footings, Sand, Concrete, R6lun, Pile-driving, Caissons, and 
Cofferdams, &c. By E. Dobson. Fifth Edition, is. 6d. 

60. LAND AND ENGINEERING SUR VEYING. By T. Baker, 

C.E. Fourteenth Edition, revised by Professor J. R. Young. 2s.t 

80*. EMBANKING LANbS FROM THE SEA , With examples 

and Particulars of actual Embankments, &c. ByJ. Wiggins, F.G.S. 2s. 
81. WA TER WORKS, Jot the Supply of Cities and Towns. With 


118. CIVIL '£nG/NE^EJng' lifNbRfH' AMERICA, a'Sketcl 

of. By David Stevenson, F.R.S.K., &c. Plates and Diagrams. 3s. 

’© 7 * IRON BRIDGES, GIRDERS , ROOFS, AND OIHEh 

WORKS. By Francis C ampin, C.E. 2s. 6d,t 

197. ROADS AND STREETS ( THE CONSTRUCTION OF) 

By Henky Law, C.E., revised and enlarged by D. K. Clark, C.E., including 
pavements of Stone, Wood, Aspbalte, &c. 4s. 6d.i 

203. SANITARY WbRK IN THE SMALLER TOWNS AND II 

VILLAGES. By C. Slaog, A.M.T.C.E. Revised Edition. 3s.* 

21I. GAS-WORKS, THEIR CONSTRUCTION AND ARRANGE 

, and the Manufacture and Distribution of Coal Gas. Original! 
written by Samuel Hughes, C.E. Re-written and enlarged by Williaj 
Richards, C.E. Seventh Edition, with important additions. <s. 6d.t 
213. PIONEER ENGINEERING, A Treatise on the Engineerin 
Operations connected with the Settlement of Waste Lands in New Cow 
tries. By Edward Dobson, Assoc. Inst C.E. 4s. 6d.t 
216. MATERIALS AND CONSTRUCTION; A Theoretical an 
Practical Treatise on the Strains, Designing, and Erection of Works of C01 
struction. By Francis Campin, C.E. Second Edition, revised. 3*4 

219. CIVIL ENGINEERING, By Henry Law* M.Inst. Cl 
Including Hydraulic Engineering by Gbo. R. Burnell, M.Inst. C»' 
Seventh Edition, revised, with large additions by D. Kinnrar Clar 
M.Inst. C.E. 6s. 6d., Cloth boards, 7 *. 6d. 

WdV The t indicates that these volt, may be had strongly bound at <m& 
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MECHANICAL ENGINEERING, ETC. 

33. CRANES , the Construction of, and other Machinery for Raising 

Heavy Bodies. By Joseph Glynn, F.R.S. Illustrated, is. 6d. 

34. THE STE AM ENGINE. By Dr. Lardner. Illustrated. is.6d. 
59. STEAM BOILERS : their Construction and Management. By 

R. Armstrong, C.E. Illustrated, is. 6 d. 

82. THE POWER OF WATER , as applied to drive Flour Mills, 
and to give motion to Turbines, &c. By Joseph Glynn, F.R.S. as4 
9$. PRACTICAL MECHANISM ’, the Elements of; and Machine 
Tools. By T. Baker, C.E. With Additions by J. Nasmyth, C.E, as. 6d4 
139. THE STEAM ENGINE , a Treatise on the Mathematical Theoty 
of, with Rules and Examples for Practical Men. By T. Baker, C.E. is. 6*L 

164. MODERN WORKSHOP PRACTICE , as applied to Steam 

Engines, Bridges, Cranes, Ship-building, 8tc. ByJ. G. Winton. Fourth 
Edition, much enlarged and carefully revised. 33. bd.t [Just published. 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Girders. ByJ. Armour, as. 6 d 4 
(66. POWER IN MOTION : Horse-Power, Toothed- Wheel Gearing, 
Long and Short Driving Bands, and Angular Forces. ByJ. Armour, 2 s 4 

1 7 1. THE WORKMANS MANUAL OF ENGINEERING 
DRAWING. ByJ. Maxton. 6 th Kdn. With 7 Plates and 350 Cuts. 3s. 6 d 4 
190. STEAM AND THE STEAM ENGINE , Stationary and 

Portabte. Being an Extension of the Elementary Treatise on the Steam 
Engine of Mr. John Sewell. By D. K. Clark, M.l.C.E. 38. 6d4 
200. FUEL , its Combustion and Economy. By C. W. Williams, 


large additions by D. Kinnbar Clark^ M.l.C.E. 3s4 
21 1. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 
plating, and. Calculating Boiler and Tank Work. By John Courtney, 
Practical Boiler Maker. Edited by D. K. Clark, C,E. 100 Illustrations, as. 
217. SEWING MACHINERY: Its Construction, History, See., with 
full Technical Directions for Adjusting, See. By J. W. Urquhart, C.E. as.t 

223. MECHANICAL ENGINEERING. Comprising Metallurgy, 

Moulding, Casting, Forging, To4ls, Workshop Machinery, Manufacture oi 
the Steam Engine, 8tc. By Francis Campin, C.E. Second Edition. 2s. 6d4 

236. DETAILS OF MACHINERY \ Comprising Instructions foi 

the Execution of various Works in Iron. By Francis Campin, C.E. 3s4 

237. THE SMITHY AND FORGE ; including the Farrier’s Art and 

Coach Smithing. By W. J. E. Crane. Illustrated. 2s. 6d4 

238. THE SHEET-METAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, &c. With 94 Diagrams and 
Working Patterns. By W. J. E. Crane. Second Edition, revised, is. 6d. 

251. STEAM AND MACHINERY MANAGEMENT: with Hints 

on Construction and Selection. By M. Powis Bale, M.l.M E. 2s. 6d4 

254. THE BOILERMAKER'S REA D Y-RECK ONER# By T, 

Courtney. Edited by I). K. Clark, C.E. 4s., limp ; 5s., hhlf-bpund. 

255. LOCOMOTIVE ENGINE-DRIVING. A Practical Manual for 

Engineers in charge of Locomotive Engines . By Michael Reynolds, M.S.E . 
Eighth Edition. 3s. 6d., limp ; 4$. 6d. cloth boards. 

256. STATIONARY ENGINE-DRIVING. A Practical Manual for 

Engineers in charge of Stationary Engines. By Michael Reynolds, M.S.E. 
Third Edition. 3s. 6d. limp : 4s. 6d. cloth boards. 

260. IRON BRIDGES OF MODERATE SPAN ; their Construe- 

tion and Erection. By Hamilton W. Pbndred, C.E. as. 
j 8T* The t indicates that these vole, may be had strongly bound at 6d. extra . 

7 , stationers’ hall court, ludgate hill, k.c. 
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MINING, METALLURGY, ETC. 

4. MINERALOGY \ Rudiments of; a concise View of the General 

Properties of Minerals. By A. Ramsay, F.G.*S m F.R.G.S., Ac. Third 
Edition, revised and enlarged. Illustrated. 3s. 6d4 

1 1 7. SUBTERRANEOUS SURVEYING , with and without the Mag- 
netic Needle. By T. Fenwick and T. Baker, C.E. Illustrated. 2s. 6d. t 
133. METALLURGY OF COPPER ; an Introduction to the Methods 
of Seeking, Mining, and Assaying Copper. By R, H. Lamborn, 28. 6d. t 
135. ELECTRO-METALLURGY ; Practically Treated. By Alex- 
ander Watt, F.R.S.S.A. Eighth Edition, revised, with additional Matter 
and Illustrations, including the most recent Processes. 3s.* 

172. MINING TOOLS , Manual of. For the Use of Mine Managers, 

Agents, Students, 8cc. By William Morgans, as. 6d4 

172*. MINING TOOLS, ATLAS of Engravings to Illustrate the above, 

containing 235 Illustrations, drawn to Scale. 4to. 4s. 6d. ; cloth boards, 6s. 

176. METALLURGY OF IRON* Containing History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman, F.G.S. Fifth Edition, 
revised and enlarged. 5*4 

180. COAL AND COAL MINING . By Warington W. Smyth, 

M.A., F.R.S. Sixth Edition, revised. 3s. 6 d 4 

195. THE __ MINERAL SURVEYOR AND VALUER'S COM - 

' Surveying 


and Angular Surveying. With Four Plates. * 

214. SLATE AND SLATE QUARRYING, Scientific, Practical, and 

Commercial. By D. C. Davies, F.G.S., Mining Engineer, Ac. 334 

264. A FIRST BOOK OF MINING AND QUARRYING , with the 

Sciences connected therewith, for Primary Schools and Self Instruction. By 
J. H. Collins, F.G.S. Second Edition, with additions, is. 6 d. 

[Just published. 


architecture, building, etc. 

16. ARCHITECTURE — ORDERS — The Orders and their ^Esthetic 

Principles, By W. H. Leeds. Illustrated, is. 6d. 

17. ARCHITECTURE-STYLES— The History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I.B.A., Ac. Illustrated. 2s. 
Orders and Styles of Architecture, in One Vol., 3 s. 6d. 

18. ARCHITECTURE— DESIGN— The Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 
Greek and Gothic Architects. By E.L. Garrett, Architect. Illustrated. 2s.6d. 
%• The three preceding Works , in One handsome Vol ., half bound, entitled 
u Modern Architecture,” price 6s, 

22. THE ART OF BUILDING , Rudiments of. General Principles 

of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By E. Dobson, 2 s 4 
25. MASONRY AND STONECUTTING : Rudimentary Treatise 
on the Principles of Masonic Projection and their application to Con- 
struction. By Edward Dobson, M.R.I.B.A., Ac. as. fid 4 
42. COTTAGE BUILDING . By C. Bruce Allen, Architect 

Tenth Edition, revised and enlarged. With a Chapter on Economic Cottages 
for Allotments, by Edward E. Allen, C.E. as. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, Ac. By G. R. Burnell, C.E. Thirteenth Edition, is. fid. 


The % indicates that these vols . may be had strongly bound at 6 d. extra . 
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Architecture, Building, etc,, continued . 

57. WARMING AND VENTILATION An Exposition of the 
General Principles as applied to Domestic and Public Buildings. Mines, 
Lighthouses, Ships, &c. By C. Tomlinson, F.R.S., Ac. Illustrated. 3s. 

in. ARCHES , PIERS, BUTTRESSES, &*c. ; Experimental Essays 

on the Principles of Construction. By W. Bland. Illustrated, is. fid. 

ut. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 

Principles of the Science of Sound applied to the purposes of the'Architect and 
Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated, is. 6d. 

127 - ARCHITECTURAL MODELLING IN PAPER , the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS— THE ARCHITECTURE OF MARCUS 
VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdeen, is. 

%* The two preceding Works in One handsome Vol, half bound , entitled “Ancient 
Architecture, ” price 6 s. 

132. THE ERECTION OF DWELLING-HOUSES. Illustrated by 

a Perspective View, Plans, Elevations, and Sections of a pair of Semi- 
detached Villas, with the Specification, Quantities, and Estimates, Ac. By 
S. H. Brooks. New Edition, with Plates. 2s. fid.i 
156. QUANTITIES & MEASUREMENTS in Bricklayers’, Masons’, 
Plasterers’, Plumbers’^Painters’, Paperhangers’, Gilders’, Smiths’, Carpenters* 
and Joiners* Work. By A. C. Beaton, Surveyor. New Edition, is. fid. 

175. LOCKWOOD dr- CO'S BUILDER'S AND CONTRACTOR'S 

PRICE BOOK, containing the latest Prices of all kinds of Builders’ Materials 
and Labour, and of all Trades connected with Building, Ac., Ac. Edited 
by F. T. W. Miller, Architect. Published annually. 3s. fid. ; half bound, 4*. 

182. CARPENTRY AND JOINER P— The Elementary Prin- 
ciples of Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With a TREATISE ON JOINERY by E. 
Wyndham Tarn. M.A. Fourth Edition, Revised. 3*. 

182*. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 

accompany the above. With Descriptive Letterpress. 4to. 6s. 

185. THE COMPLE 7 E MEASURER ; the Measurement of Boards, 
Glass. Ac. ; Unequal -sided, Square -sided, Octagonal -sided. Round Timber 
and Stone, and Standing Timber, Ac. By Richard Horton. Fifth 
Edition. 4s. ; strongly bound in leather, 5s. 

187. HINTS TO YOUNG ARCHITECTS. By G. Wightwick 

New Edition. By G. H. Guillaume. Illustrated. 3s. fid.* 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : with a Course of Elementary Drawing for House- Painters, Sign- 
Writers. Ac., and a Collection of Useful Receipts. By Ellis A. Davidson. 
Fifth Edition. With Coloured Plates. 5s. cloth limp ; 6s. cloth boards. 

189 . THE RUDIMENTS OF PRACTICAL BRICKLAYING. 


19 1, PLUMBING. A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Chapters upon House Drainage. Fourth Edition, 
With 330 Illustrations, By W. P. Buchan. 38, 6d4 

192, THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER’S STANDARD GUIDE. By R. E. Grand*. as. 

206. A BOOK ON BUILDING , Civil and Ecclesiastical , including 
Church Restoration. With the Theory of Domes and the Great Pyramid, 
Ac. By Sir Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S. 4s. fid.* 



6 weale’s rudimentary series. 

Architecture, Building, etc., continued . 

226. THE JOINTS MADE AND USED BY BUILDERS in the 

Construction of various kinds of Engineering £hd Architectural Works. By 
WyvillJ. Christy, Architect. With upwards of 160 Engravings on Wood. 3s.* 

228. THE CONST R UCTION OF ROOFS OF WOOD AND IRON . 

By E. Wyndham Tarn, M.A., Architect. Second Edition, revised, zs. fid. 

229. ELEMENTARY DECORATION ; as applied to the Interior 

and Exterior Decoration of Dwelling-Houses, 8 tc. By J. W. Facby. as. 

257. PRACTICAL HOUSE DECORATION A G^ide to the Art 

of Ornamental Painting. By Tames W. Facry. 2s. fid. 

%* The two preceding Works, in One handsome Vol half 'bound, entitled “ House 
Decoration, Elementary and Practical,” price 5$. 

230. HANDRAILING. Showing New and Simple Methods for finding 

the Pitch of the Plank. Drawing the Moulds, Bevelling, Tointing-up, and 
Squaring the Wreath. By George Collings. Plates and Diagrams, is. fid. 

247. BUILDING ESTA TES : a Rudimentary Treatise on the Develop- 

ment, Sale, Purchase, and General Management of Building Land. By 
Fowler Maitland, Surveyor. Second Edition, revised, zs. 

248. PORTLAND CEMENT FOR USERS. By Henry Faija, 

Assoc. M. Inst. C.E. Second Edition, corrected. Illustrated, as. 

252. BRICKWORK : a Practical Treatise, embodying the General 

and Higher Principles of Bricklaying, Cutting and Setting, &c. By F. 
Walker. Second Edition, Revised and Enlarged, is. 6d. 

23. THE PRACTICAL BRICK AND TILE BOOK. Comprising: 

189. Brick and Tile Making, by E. Dobson, A. I. C.E. ; Practical Bricklay- 
*52. ing, by A. Hammond : Brickwork, by F. Walker. 550 pp, with 270 Illus- 
trations. 6s. Strongly half-bound. 

253. THE TIMBER MERCHANT’S, SAW-MILLER’S, AND 

IMPORTER’S FREIGHT-BOOK AND ASSISTANT. By Wm. Rich- 
ardson. With a Chapter on Speeds of Saw-Mill Machinery, &c. By 
M. Powis Bale, A.M.Inst.C.E. 3 s.t 

258. CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By George Collings, Author of “ A Treatise on Handrailing.” as. 6d. 

259. GAS FITTING: A Practical Handbook treating of every 
Description of Gas Laying and Fitting. By John Black. With 122 Illus- 
trations. 2*. fid 4 

*6i. SHORING AND ITS APPLICATION : A Handbook for the 

Use of Students. By George H. Blagrovk. is. fid. [Just published. 

265. THE ART OF PRACTICAL BRICK CUTTING AND 

SETTING. By Adam Hammond, Author of “Practical Bricklaying.” 
With 90 Engravings, is. 6d. [ Just Published. 

SHIPBUILDING, NAVIGATION, MARINE 
ENGINEERING, ETC. 

51. NA VAL ARCHITECTURE. An Exposition of the Elementary 
Principles of the Science, and their Practical Application to Naval Construc- 
tion. By J. Peake. Fifth Edition, with Plates and Diagram*. 3s. 6 d 4 
53*. SHIPS FOR OCEAN <Sr» RIVER SER VICE , Elementary and 
Practical Principles of the Construction of. By H. A. Sommrrfeldt. is. fid. 
53**. AN ATLAS OF ENGRA VINGS to Illustrate the above. Twelve 
large folding plates. Royal 4 to, cloth. 7s. 6d. 

54. MASTING, MAST-MAKING , AND RIGGING OF SHIPS, 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, 
Ice., relative to every class of vessels. By Robert Kipping, N.A. as. 

54*. IRON SHIP-BUILDING. With Practical Examples and Details. 
By John Gran tham, C.E. 5th Edition. 4». 

The t indicates that these vols. may be had strongly bound at fi d. extra. 
LONDON: CROSBY LOCKWOOD AND SON, 
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Shipbuilding, Navigation, Marine Engineering, etc., cant. 
55. THE SAILOR'S SEA BOOK : a Rudimentary Treatise on 

Navigation. By •Jambs Greenwood, B^A. With numerous Woodcuts and 
Coloured Plates. New and enlarged edition. Hy W. H. Rosser. 2s. 6d.t 
80. MARINE ENGINES AND STEAM VESSELS. By Robert 
Murray, C.E. Eighth Edition, thoroughly Rovised, with Additions by the 
Author and by George Carlisle, C.E., Senior Surveyor to the Board of 
Trade, Liverpool. 4s. 6d. limp ; 5s. cloth boards. 

83 bis. THE FORMS OF SHIPS AND BOATS . By W. Bland. 

Seventh Edition, Revised, with numerous Illustrations and Models, is. 6d. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 

and Practice. By Prof. J. R. Young. New Editiqp. 23. 6d. 

106. SHIPS' ANCHORS , a Treatise on. By G. Cotsell, N. A. I*. 6d 
149. SAILS AND SAIL-MAKING . With Draughting, and theCentre 
of Effort of the Sails ; Weights and Sizes of Ropes : Masting, Rigging, 
and Sails of Steam Vessels, 8 cc. T2th Edition. By R. Kipping, N.A., 2s. 6 d.i 

155. ENGINEER'S GUIDE TO THE ROYAL &> MERCANTILE 
NAVIES. By a Practical Engineer. Revised by D. F. M*Carthy. 38. 
55 PRACTICAL NAVIGATION. Consisting of The Sailor's 
& Sea-Book. By Jambs Greenwood and W. H. Rosser. Together with 
. the requisite Mathematical and Nautical Tables for the Working of the 
204. p ro |ji emS4 fly jj. Law, C.E., and Prof. J. R. Young. 7 s. Half-bound. 


AGRICULTURE, GARDENING, ETC. 

61*. A COMPLETE READY RECKONER FOR THE AD ME A- 
SUREMENT OF LAND, &c. By A. Arman. Third Edition, revised 
and extended by C. Norris, Surveyor, Valuer, &c. as. 

131. MILLER'S , CORN MERCHANT'S , AND FARMER'S 

READY RECKONER. Second Edition, with a Price List of Modern 
Flour-Mill Machinery, by W. S. Hutton, C.E. 2s. 

140. SOILS , MANURES , AND CROPS. (Vol. 1. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outlines of Modern Farming.) By R. Scott Burn. 3s. 

142. STOCK; CATTLE , SHEEP, AND HORSES. (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts, ss. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. (Vol. 4. Outlines of Modern Farming.) 2s. 

146. UTILIZATION OF SEWAGE , IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outlines of Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

%* Nos. 140-1-2-5-6, tn One Vol., handsomely half-hound, entitled “ Outlines op 
Modern Farming.” By Robert Scott Burn. Price ins . 

177, FRUIT TREES, The Scientific and Profitable Culture of. From 

the French of Du Breuil. Revised by Geo. Glbnny. T87 Woodcuts. 3s. 6d.* 

198. SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C., &c^, Fourth Edition, 
enlarged, including Specimens of New and Improved Breeds. 3s. 6d4 

20i. KITCHEN GARDENING MADE EASY. By George M, F. 

Glbnny. Illustrated, xs. 6d.$ 

207. OUTLINES OF FARM MANAGEMENT, and the Organi- 

sation of Farm Labour. ByR. Scott Burn. 2s. 6 d 4 

208. OUTLINES OF LANDED ESTATES MANAGEMENT. 

By R. Scott Burn. as. 6d.t 

Nos. 207 6* 208 in One Vol., handsomely half- hound, entitled " Outlines of 
Landed Estates and Farm Management.” By R. Scott Burn. Price 6s . 
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WEALE’S RUDIMENTARY SERIES. 


Agriculture, Gardening, etc., continued , 

209. THE TREE PLANTER AND PLANT PROPAGATOR . 

A Practical Manual on the Propagation of forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, Ac. By Samuel Wood. as4 

210. THE TREE PRUNER. A Practical Manual on the Pruning of 

Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. 2»,t 
•** Nos. 209 <& 210 in One VoL, handsomely half-bound , entitled **Thb Tree 
Planter, Propagator, and Prunkr.” By Samuel Wood. Price 5$. 

218. THE HA Y AND STRA IV MEASURER : Being New Tables 

for the Use ^Auctioneers, Valuers, Farmers, Hay and Straw Dealers, Ac. 
By John Steele. Fourth Edition. 2s. 

222. SUBURBAN FARMING . The Laying- out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs. Poultry, 
and Pigs. By Prof. John Donaldson and R. Scott Burn. 3s. 6d.t 

231. THE ART OF GRAFTING AND BUDDING . By CHARLES 

Baltkt. With Illustrations. 2s. 6d.t 

232. COT 7 AGE GARDENING ; or, Fiowers, Fruits, and Vegetables 

for Small Gardens. By E. Hobday, is. 6d. 

233. GARDEN RECEIPTS . Edited by Charles W. Quin. is. 6d. 

234. THE KITCHEN AND MARKET GARDEN. Compiled 

by C. W. Shaw, Editor of “ Gardening Illustrated/’ 3s.* 

239. DRAINING AND EMBANKING. A Practical Treatise, em- 

bodying the most recent experience in tire Application of Improved Methods. 
By John Scott, late Professor of Agriculture and Rural Economy at the 
Royal Agricultural College, Cirencester. With 68 Illustrations, is. 6d. 

240. IRRIGATION AND WATER SUPPLY. A Treatise on Water 

Meadows, Sewage Irrigation, Warping, &c. ; on the Construction of Wells, 
Ponds, and Reservoirs; and on Raising Water by Machinery for Agricul- 
tural and Domestic Purposes. By Prof. John Scott. With 34 lllus. is. 6d. 

241. FARM ROADS , FENCES, AND GATES. A Practical 

Treatise on the Roads, Tramways, and Waterways of the Farm; the 
Principles of Enclosures ; and the different kinds of Fences, Gates, and 
Stiles. By Professor John Scott With 75 Illustrations, is. 6d. 

242. FARM BUILDINGS. A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and Construction, 
including Plans and Estimates. By Prof. John Scott. With 105 Illu*. 2s. 

243. BARN IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Application of Power to the Operations of Agriculture j and 
on various Machines used in the Threshing- bam, in the Stock-yard, and w the 
Dairy, Ac. By Prof. J. Scott. With 123 Illustrations. 2s. 

244. FIELD IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Varieties now in use, with Principles and Details of Con- 
struction, their Points of Excellence, and Management. By Professor John 
Scott. With 138 Illustrations, as. 

“ 245. AGRICULTURAL SURVEYING . A Practical Treatise on 

Land Surveying, Levelling, and Setting-out ; and on Measuring and Esti- 
mating Quantities, Weights, and Values of Materials, Produce, Stock, Ac. 

, By Prof. John Scott. With 62 Illustrations, is. 6d. 

%* Nos. 239 to 245 in One Vo /., handsomely half •bound, entitled “ TrtB Couplets 
Text-Book of Farm Engineering.*’ By Professor John Scott. Price i is. 

250. ME A 2 PRODUCTION. A Manual for Producers, Distributors, 

Ac. By John Ewart. 2s. 6d.t 


The i indicates that these vots. may be had strongly bound at 6 d. extra. 
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MATHEMATICS, ARITHMETIC, ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; Their 

Construction, Adjustment, Testing, and Use concisely Explained. By T. F. 
Hbathbr, M.A. Fourteenth Edition, revised, with additions, by A. T. 
Walmislky, M.I.C.E., Fellow of the Surveyors* Institution. Original Edi- 
tion, in 1 vol., Illustrated. 23. t [Just published . 

\* Jn ordering the above , be cartful to say, “ Original Edition n (No. 32), to distin- 
guish it from the Enlarged Edition in 3 vols. (Nos. 168-9-70.) 

76. DESCRIPTIVE GEOMETRY \ an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. Monge. To which is added, a description of the JSrinciples and Practice 
of Isometrical Projection. By J. F. Heather, M.A. "With 14 Plates. 2t. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplfst 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts. 28. 

83. COMMERCIAL BOOK-KEEPING . With Commercial Phrases 

and Forms in English, French, Italian, and German. By James Haddon, 
M.A., Arithmetical Master of King’s College School, London, is. 6d. 

84. ARITHMETIC ', a Rudimentary Treatise on: with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J.R. Young. Eleventh Edition, is. 6d. 

84*. A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Young, is. 6d. 

85. EQUATIONAL ARITHMETIC , applied to Questions of Interest, 

Annuities, Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may be greatly facilitated. By W. Hipsley. 2s. 

86. ALGEBRA , the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra. 2s. 

86*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. By J. R. Young, is. 6d. 

68. EUCLID , The Elements of : with many additional Propositions 

89. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henry Law, C.E. 2s. 6d.t 

•** Sold also separately , viz. : — 

88. Euclid, The First Three Books. By Henry Law, C.E. is. 6d. 

89. Euclid, Books 4, 5, 6, it, 12. By Henry Law, C.E.' .c. *d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

By Jambs Hann. A New Edition, by Professor J. R. You yu. 2s . % 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King’s College, London, xs. 6d. 

92. SPHERICAL TRIGONOMETRY, the Elements of. By James 

Hann. Revised by Charles H. Dowling, C.E. is. 

Or with “ The Elements of Plane Trigonometry in One Volume, 2s. 6d. 

93. MENSURATION AND MEASURING. With the Mensuration, 

and Levelling of Land for the Purposes of Modern Engineering. By T. 
Baker, C.E. New Edition by E. Nugent, C.E. Illustrated, is. 6d. 1 

101. DIFFERENTIAL CAL COL US, Elements of the. By W. S. B. 

Woolhousb, F.R.A.S., 8tc. xs. 6d. 

102. INTEGRAL CALCULUS , Rudimentary Treatise on the. By 

Homersham Cox, B.A. Illustrated, xs. 

13b. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By James Haddon, M.A. Revised by A. Arman, is. 6d. 

*37. A Kby to Haddon’s Rudimentary Arithmetic. By A. Arman, xs. 6d. 

The $ indicates that these vols . may be had strongly bound at 6 d. extra. 

7 , stationers’ hall court, ludgate hill, e.c. 
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Mathematics, Arithmetic, etc., continued, 

1 68. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing — I, Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for thepuxposes of Accurate Measurement, and for 
Arithmetical Computations. By t . F. Hbathkr, M.A. Illustrated, is, 6d 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, is, 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. ByJ. F. Heather, M.A. Illustrated, is. 6d. 

# # * The above three volumes form an enlargement of the Author* s original work 
“ Mathematical Instruments [See No. 32 in the Series.) 

168. | MA THEM A TICAL INSTRUMENTS. By J. F. Heather, 

169. r M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as 
170..J above, in One thick Volume. With numerous Illustrations. 48. 6d.* 

158. THE SLIDE RULE , AND HOW TO USE IT; containing 

full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoare, C.E. Fifth 
Edition. With a Slide Rule in tuck of rover. 2s. 6d.i 

196. THEORY OF COMPOUND INTEREST AND ANNUL 

TIES; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By FAdor Thoman. 4s.* 

199. THE COMPENDIOUS CALCULATOR ; or, Easy and Concise 

Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions ; together with Useful Tables. By 
D. O’Gorman. Twenty- sixth Edition, carefully revised by C. Norris. 3s., 
cloth limp; 3s. 6d., strongly half-bound in leather. 

204. MA THEM A TIC A L TABLES ', for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Hhnry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By Prof. J. R. Young. New Edition. 4s. 

204*. LOGARITHMS. With Mathematical Tables for Trigonometrical, 
Astronomical, and Nautical Calculations. By Henry Law, M. Inst. C.E. New 
and Revised Edition. ( Formingpart of the above Work). 3s. 

221 . MEASURES, WEIGHTS , AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Wooi.iIousb, F.R.A.S., F.S.S. Sixth Edition. 2s.* 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE A R TS. Illustrating the various processes of Mathematical Investi- 

f ation, by means of Arithmetical and Simple Algebraical Equations and 
'ractical Examples. Bv Francis Campin, C.E. Second Edition. 3s.* 


PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY. By Professor George Fownes, F.R.S. With 

an Appe ndix on the Application of Chemistry to Agriculture, is. 

2. NATURAL PHILOSOPHY Introduction to the Study of. By 

C. Tomlinson. Woodcuts, is. 6d. 

6. MECHANICS , Rudimentary Treatise on. By Charles Tom- 

linson. Illustrated, is. 6d. 

7. ELECTRICITY ; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., 8tc. With Additions by R. Sarins, C.E., F.S.A. is. 6d. 
7*, GALVANISM. By Sir W. Snow Harris. New Edition by 
Robert Sabine, C.E., F.S.A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Magnetical Science. By Sir W. Snow Harris. New Edition, 

revised by H. M. Noap, Ph.D. With 165 Woodcuts. 38. 6d.* , 

t indicates that these, vols. may be had strongly bound at bd. extra. 

LONDON: CROSBY LOCKWOOD AND SON, 
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Physical Science, Natural Philosophy, etc., continued . 

11. THE ELECTRIC TELEGRAPH ; its History and Progress; 

with Descriptions df some of the Apparatus. By R. Sabine, C.E., F.S.A. 3s. 

12. PNEUMATICS , including Acoustics and the Phenomena of Wind 

Currents, for the Use of Beginners By Charles Tomlinson, F.R.S. 
Fourth Edition, enlarged. Illustrated, rs. 6d. [ Just published. 

72. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 
Fossil Shells, By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tatb, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 

96. ASTRONOMY. By the late Rev. Robert Main, M.A. Third 

Edition, by William Thynnb Lynn, B.A., F.R.A.S. as. 

97. STATICS AND DYNAMICS , the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. Fourth Edition, is. 6d. 

138. TELEGRAPH \ Handbook of the; a Guide to Candidates for 

Employment in the Telegraph Service. By R. Bond. 38.* 

173. PHYSICAL GEOLOGY \ partly based on Major-General Port- 

lock’s “ Rudiments of Geology.” By Ralph Tate, A.L.S., 8ec. Woodcuts, as. 

174. HISTORICAL GEOLOGY \ partly based on Major-General 

Portlock’s “ Rudiments.” By Ralph Tate, A.L.S., 8cc. Woodcuts, as. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

A Historical. Partly based on Major-General Portlock’s “ Rudiments of 
174. Geology.” By Ralph Tatb, A.L.S., F.G.S., &c. In One Volume. 4s. 6d4 
183 ANIMAL PHYSICS , Handbook of. By Dr. Lardner, D.C.L., 

& formerly Professor of Natural Philosophy and Astronomy in University 
.0. College, Lond. With 5ao Illustrations. In One Vol. 7s. 6d., cloth boards. 
Sold also in Two Parts , as follows : — 

183. Animal Physics. By Dr. Lardner. Part I., Chapters I.— VII. 4s. 

184. Animal Physics. By Dr. Lardner. Part IT., Chapters VIII.— XvIII. 3s. 


FINE ARTS. 

to. PERSPECTIVE FOR BEGINNERS. Adapted to Young 

Students and Amateurs in Architecture, Painting, Sec. By George Pynb. as. 

40 GLASS STAINING , AND THE ART OF PAINTING ON 
GLASS . From the German of Dr. Dessert and Emanuel Otto From- 
berg. With an Appendix on The Art of Enamelling, as. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spbncbr. as. 6d. 

71. PIANOFORTE , The Art of Playing the. With numerous Exer- 

cises & Lessons from the Best Masters. By Charles Child Spbncbr. is.6d. 

69-71. MUSIC <y THE PIANOFOR TE. In one vol. Half bound, 5s. 
181. PAINTING PpPULARLY EXPLAINED, including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. Miniature. 
Painting on Ivory, Vellum, Pottery, Enamel, Glass. 8cc. With Historical 
Sketches of the Progress of the Art by Thomas John Gullick, assisted by 
John Timbs, F.S.A. Fifth Edition, revised and enlarged. $s 4 

1 86. A GRAMMAR OF COLOURING, applied to Decorative 

Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A. 
Davidson. With two new Coloured Diagrams, Sec. 3*4 

246. A DICTIONARY OF PAINTERS, AND HANDBOOK FQR 

PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lining and Restoring, Schools of Painting, Sec, With Notes on the Copyist* 



The t indicates that these vols. may be had strongly bound at 6 d. extra . 
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INDUSTRIAL AND USEFUL ARTS. 

23. BRICKS AND TILES,. Rudimentary Treatise on the Manufac- 
ture of. By E. Dobson, M.R.I.B.A. Illustrated, 354 
67. CLOCKS , WATCHES, AND BELLS , a Rudimentary Treatise 
on. By Sir Edmond Beckett, LL.D., Q.C. Seventh Edition, revised and en- 
larged. 4s. 6d. limp : 5s. 6d. cloth boards. 

B3**. CONSTRUCTION OF DOOR LOCKS . Compiled from the 
Papers of A. C. Hobbs, and Edited by Charles Tomlinson. F.R.S. as. 6d. 
162. THE BRASS FOUNDER'S MANUAL; Instructions for 
Modelling, Pattern -Making, Moulding, Turning, Piling, Burnishing, 
Bronzing, Ac, With copious Receipts, Ac, By Walter Graham. as4 
205. THE ART OF LETTER PAINTING MADE EASY. ' 

T.G. Badbnoch. Illustrated with xa full-page Engravings of Examples, is. 6<f- 

215. THE GOLDSMITHS HANDBOOK \ containing fufi Instruc- 

tions for the Alloying and Working of Gold. By George E. Gee, 3 s 4 

225. THE SILVERSMITHS HANDBOOK , containing full In- 
structions for the Alloying and Working of Silver. By George E. Gee. *s 4 
The two preceding Works , in One handsome Vol., half -bound, entitled ** The 
Goldsmith’s & Silversmith’s Complete Handbook,” 7s . 

249. THE HALL-MARKING OF JEWELLER Y PRACTICALLY 

CONSIDERED. By George E. Gee. is.t 
224. COACH BUILDING , A Practical Treatise, Historical and 
Descriptive. By J. W. Burgess. 2s. 6d.i 
235. PRACTICAL ORGAN BUILDING. By W. E. DICKSON, 

M.A., Precentor of Ely Cathedral. Illustrated, as. 6d-t 

262. THE ART OF BOOT AND SHOEMAKING , including 

Measurement, ^Last-fitting, Cutting-out, Closing and Making. By John 
Bedford Lbno. Numerous Illustrations. Second Edition. as4 

563. MECHANICAL DENTISTRY : A Practical Treatise on the 
Construction of the Various Kinds of Artificial Dentures, with Formula;, 
Tables, Receipts, &c- By Charles Hunter. Third Edition. 33.* 

MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE , 
BUILDING , ENGINEERING , MINING, METALLURGY, ARCHAE- 
OLOGY, the FINE ARTS, <5w. By Tohn Wbale. Fifth Edition. Revised 
by Robert Hunt, F.R.S. Illustrated. 5s. limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER- 

VICES. By David Gibbons. Third Edition, enlarged, 3S4 

1 1 2. MANUAL OF DOMESTIC MEDICINE . By R. Gooding, 
B.A., M.D. A Family Guide in all Cases of Accident’and Emergency, is.t 
<112*. MANAGEMENT OF HEALTH. A Manual of Home and 
Personal Hygiene. By the Rev. James Baird, B.A. is. 

ico. LOGIC , Pure and Applied. By S. H. Emmens. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 
HUMAN UNDERSTANDING . With Notes by S. H. Emmbns. as. 

154. GENERAL HINTS TO EMIGRANTS . 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 

Jambs Mann, F.R.A.S., F.M.S. Second Edition. Map. as. 

193. HANDBOOK OF FIELD FORTIFICATION. By Major 

W. W. Knollys, F.R.G.S. With i6y Woodcuts. «4 

194, THE HOUSE MANAGER ; Being a Guide to Housekeeping, 

Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Management, Ac. By An Old Housekeeper. 3s. 6d4 

194, HOUSE BOOK {The). Comprising I. The House Manager. 
« 12 & By an Old Housekeeper. II. Domestic Medicine. By R. Gooding, M.D. 
1X2*. III. Management or Health. By J. Baird. , In One Vol., half-bound, 6s# 

The % indicates that thr.e vr,.. tnay be had strongly bound at 64 . extra. 

LONDON: CaOSBY LOCKWOOD AND SON, 
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EDUCATIONAL AND CLASSICAL SERIES. 


HISTORY. 

I. England, Outlines of the History of ; more especially with 
reference to the Origin and Progress of the English Constitution. By 
'William Douglas Hamilton, F.S.A., of Her Majesty's Public Record 
Office* 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of 5 in connection with the 
Rise of the Arts and Civilisation in Europe. By W. Douglas Hamilton, 
of University College, London, and Edward Lbvirn, M.A., of Baliioi 
College, Oxford. 2s. 6a. ; cloth boards, 3s. 6d. 

7. Home, Outlines of the History ofs from the Earliest Period 
to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lhvirn, of Balliol College, Oxford. Map, 2s. 6d. ; cl.bds. 3s. 6 d. 

9. Chronology of History, Art, Literature, and Progress, 
from tho Creation of the World to the Present Time. The Continuation by 
W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand, is* 


ENGLISH LANGUAGE AND MISCELLANEOUS. 
ii« Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarke, D.C.L. Fourth Edition, is. 6d. 

II*. Philology: Handbook of the Comparative Philology of English, 
Anelo-Saxon, Frisian, Flemish or Dutch, Low or Platt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hydb Clarke, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 
Written. Containing above 100,000 Words. By Hyde Clarke, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., *s.6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
17th Edition, is. 6d. 

49. Derivative Spelling-Book; Giving the Origin of Every Word 

from the Greek, Latin, Saxon, Gfcrman, Teutonic, Dutch, French, Spanish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowbOTHAM, F.R.A.S. Improved Edition, is. 6d. 

Si. The Art of Extempore Speaking : Hints for the Pulpit, the 
Senate, and the Bar. By M. Bautain, Vicar- General and Professor at the 
Sorbonne. Translated from the French. 8th Edition, carefully corrected. 2s.6d. 

53, Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a BrietTreatise upon Modern Chemical Nomencla- 
ture and Notation. By W*t. W. Pink and George E. Webster. 2s. 

THE SCHOOL MANAGERS* SERIES OF READING 

BOOKS, « 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary Canon of Ely; 
formerly H.M. Inspector of Schools. 

Introductory Primer, 3^. 

' s. d. 

First Standard . .06 Fourth Standard . . . 1 a 

Second „ , . o 10 Fifth „ . . , . 1 6 

Third „ . - „ , Sixth „ . . * .16 

Lessons prom thb Bible, Part I. Old Testament, is. 

Lessons prom thb Bible. Part II. New Testament, to which is added 
Thr Gbography of thb Bible, for very young Children. By Rev. C. 
Tho rnton Forster, is. 2d. V* Or the Two Parts in One Volume. 2$. 

7, STATIONERS’ HALL COURT, LUDGATE HILL, E.C. 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering:, Mining, &c. By Alfrrd Elwes. is. 6d. 

26. English- French Dictionary. By Alfred Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in One Vol., 3s. ; 

cloth boards, 38. 6d. Or with the Grammar, cloth boards, 48. 6d. 

47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Wbrd*, a Col* 
>' lection of suitable Phrases, and Easy Familiar Dialogues. -»I8. 6d. 


GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse’s Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 6 d. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Germany ; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By N. E. S. A. Hamilton. 

In Three Parts. Part I. German-French-English. Part II. English-Ger- 
1 a n -French. Part III. French -German -English. 3s., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 

& 39. Grammar (No. 39), in One Volume, cloth boards, 5s. 


27 - 

28. 

30 . 

32 - 


ITALIAN. 

Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alvrbd Elwks. is. 6 d. „ „ . 

Italian Triglot Dictionary, wherein the Genders of all the 
Italian and French Nouns are carefully noted dewn. By Autkkd Elwbs. 
Vol. 1. Italian -English-French, as. 6 d. 

Italian Triglot Dictionary. By A. Elwes. Vol. 2. 

Eusrlish-French-Italian. 2s. 6 d. . 

Italian Triglot Dictionary. By Alfred Elwes. Vol. 3* 

French-Italian-English. 28. 6 d. _ , T , A , 

*8,30, Italian Triglot Dictionary (as above). In One Vol., 7s. bd. 

32. Cloth boards. __ 

SPANISH AND PORTUGUESE. 

U. Spanish Grammar, in a Simple and Practical iorm. 

a Course of Exercises. By Alprbd Elwks. is. 6d. 

2C Suanish- English and English-Spanish Dictionary. 

T^cludinc- a laree number of Technical Terms used in Mining, Engineering, 8tc. 

with the proper Accents and the Gender of every Noun. By Alfred Elwes 
7 ..icloTb?ardV,S». V Or with the Gha-mar, clot!, bo«ds,6.. 
cc. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises, By Alfred Elwes. **• 6d* . 

?6. Portuguese- English and English-- Portuguese 
^ " t'Answ” Including a larce number of Technical Terms used in Mining, 
EnSiring &c. with thl proper Accents and the Gender of every Noun. 
Bv Alfred Elwbs. Second Edition, Revised, 5s. ; cloth board*, 6 s. * r 

with the Grammar, cloth boards, 7s. 


With 


HEBREW. 

' Id Hebrew a°nd £d Rabbinical , 

44> “oiK «2 hS 5 S Chaldee Roou’of the Old T"Ummt Port- 
Rabbinical Writings. By Dr. Bresslau. 6s. RgMSULtl 1ft 

a 6 "English and Hebrew Dictionary. By Dr. bresslatj. i«. 
4446. Hebrew Dictionary (as above), in Two Vols., complete, with 

46*. the Gram mar, cloth board*, *»»♦ , . — - 

LONDON : CROSBY LOCKWOOD AND SON, 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principle* of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master^f the Greenwich Proprietary School, is. 6d. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. as. 

22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 

20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. 

doth boards, 4 s. 6d. Or with the Grammar, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 6d «. 

2. Caesar is Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 1 :> 

3. Cornelius Nepos, With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. Rushton, M.A., and on the Georgies by H. Young, is. 6d. 

5. Virgilii Maronis Atneis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved With copious Addi- 
tional Notes by Rev. T. H. L. Leary, D.C.L., formerly Scholar ot Brasenose 
College, Oxford- 3s. 

5* — — Part x. Books i. — ri., is. 6d. 

Part 2. Books vii.— xii., as. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. 

7. Horace; Satires, Epistles, and ArsPoetica. Notes by W. Brown- 

rigg Smith, M.A., F.R.G.S. is. 6d, 

8. Sallustii Crispi Catalina et Bellum Tugurthinum. Notes, Critical 

and Explanatory, by W. M. Donne, B.A., Inn. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 
and Explanatory, by the Rev. James Davies, M.A. as. 
u. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Davies, M.A. 
is. 6d. * 

12. Ciceronls Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
James Davies, M.A. is. 6d. 

13. Ciceronls Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College , Oxford, 
is. 6d. 

14. Ciceronls Cato Major, Lselius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith, 
M.A., F.R.G.S. as. 

16. Livy ; History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part x. Books i„ ii., is. 6d. 
t6 # . — — Part 2. Books iii., iv., v., is. 6d. * 

17. - — Part 3. Books xxi.,xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. 3 . Donnb, M.A., Trinity College, Cambridge. 28. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Floras, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apuleius, See. Notes by W. B. Donnb, M.A. as. 

21. Juvenalis Satire. With Prolegomena and Notes by T. H. S. 

E scott, B.A., Lecturer on Logic at King's College, London, as. 

7 , STATIONERS* HALL COURT, LUDGATK HILL, E.C. 
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GREEK. 

14. Greek Grammar, in avoidance with the Principles and Philo- 
logical Researches of the most eminent Scholaetof our own day. Bv Haws 
Clauds Hamilton, is. 6d. v 3 y 

15,17. Greek Lexicon. Containing aU the Words in General Use, with 

their Significations, Inflections, and Doubtful Quantities. BvHbnry R 

V?L n Grw fe Et,g j i *A / * Vo1 - 2 * English- Greek, as. oi 
the Two Vols. in One, 43. 6d. : cloth boards. 5s. 

14,15* Greek Lexicon (as above). Complete, with the Grammas, in* 

17. One Vol., cloth boards, 6s. 

GREEK. CLASSICS. With Explanatory Notes ’tn English. 

1. Greek Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, byH. Young. New 
Edition, with an improved and enlarged Supplementary vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 

1, 3. Xenophon’s Anabasis} or, The Retreat of the Ten Thousand. 
Notes and a Geographical Register, by H. Young. Part i. Books i. to in., 
is. Part 3. Books iv. to vii., is. 

4. Lucian’s Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, is. fid. 

5-1$. Homer, The Works of. According to the Text of Baeumlein. 
With Notes, Critical and Explanatory, drawn from the best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. L. 
Lkary, M.A., D.C.L. 

Thb Iliad : Part 1. Books i. to vi. e is.6d. Part 3. Books xiii. to xviii., is. fid. 

Part 2. Books vii. to xh,, xs. 6d. Part 4. Books xix. to xxiv., is. 6d. 

The Odyssey : Part 1. Books i. to vi.. is. 6d Part 3. Books xiii. to xviii., rs. fid. 

Part 2. Books vii. to xii., xs. fid. Part 4. Books xix. to xxiv., and 

Hymns, 2s. 

13. Plato’s Dialogues: The Apology of Socrates, the Crito, and 
the Phaeclo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. Jambs Davies, M.A. as. 

14-17. Herodotus, The History of, chiefly after the Text of Gaisford. 
With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lbary, M.A., D.C.L. 

Part 1. Books i. ? ii. (The Clio and Euterpe), 2s. 

Part 2. Books HL, iv. (The Thalia and Melpomene), 2s. 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polyrania), 2s. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 

18. Sophocles t CEdipus Tyrannu£ Notes by Hf. Young, is. 

* 20. Sophocles: Antigone. From the Text of Dindorf. Notes, 

Critical and Explanatory, by the Rev. John Milner, B.A. 2s. 

*3. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
dorp. With Notes, Critical and Explanatory, by W. Brownrigg Smith. 
M.A., F.R.G.S. is. fid. 

26. Euripides: Alcestis. Chiefly from the Text of Dindorf. With 

Notes, Critical and Explanatory, by John Milnbr, B.A. is. 6d. / 

30. ^Eschylus : Prometheus Vmctus j The Prometheus Bound, Frotn 
the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. James Davies, Mi. is. 

32. .dEschylus : Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical adfc Ex- 
planatory, by the Rev. Jambs Davies, M.A. xs. 

40. Aristophanes : Achamians. Chiefly from the Text of C. Jt. 

Wrjse. With Notes, by C. S. T. Townshbnd, M.A. is<od. 

^ 41. Thucydides: History of the Peloponnesian War. Notes by H. 

Young. Bookt. is. fid. 

42. Xenophon’s Panegyric on Agesilaus. Notes and Intro- 
duction by Ll. F. W-Jewitt . I8.6d. . , 

43. Demosthenes. *»„Oratoa i on the Crown and . fte nObMM.. 


43. Demosthenes, f he Oration on the Crown and the P hih ft ro cs . 
With English Notes. By Rev. T. H. L. LbAry, D.C.L, former!# Scholwol 
Brasenose College, Oxford, is. 6d. ■ rfr,-' * 
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